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10 INTRODUCTION 
1. Object 
The theoretical investigation presented here is concerned with the 
effects of square and rectangular openings on the bending moments in plates 
~th fixed edges. These types of openings are encountered in floor systems 
and the design of such plates are generally based on the assumption that the 
total amount of reinforcement required is the same as that in a solid plate. 
This assumption is used mainly because of the limited amount of reliable data 
pertaining to plates with openings. 
Very few attempts have been made to obtain an analysis of the effects 
of openings in plates. The complexity of the boundary conditions w.hich must 
be satisfied in exact solutions and the large amount of calculations involved 
in obtaining approximate solutions with the use of finite difference equations 
have been the reasons for the lack of work in this area a Recently, however, 
the development of high speed digital computers has made it possible to solve 
a large number of simultaneous equations within a reasonable amount of time. 
Therefore, approximate solutions, based on finite difference equations, have 
become an important tool for the analysis of plates with complex boundary 
conditions. 
The object of this investigation is to provide a general "feeling" 
for the changes in bending moments that occur in plates "When square or 
rectangula.:t .. openings are introduced. It is hoped that the results from this 
study ~ll shed some light on the dark path to rational design of plates 
'With openingso 
20 Scope 
The investigation was limited to square plates with fixed edgeso 
The various types of openings considered are shown in Figso 8, 9, and lOJ 
2 
and may be divided into three series as follows ~ (1) five plates "With square 
openings of different sizes; (2) five plates with rectangular openings of 
different sizes; (3) three plates with multiple openingso In the series 
with square openings, three of the plates had openings at the center and the 
other two had openings located in one corner 0 In the series with rectangular 
openings) the openings were located at the center and had constant widths 
and varying lengths$ In the series with multiple openings, one of the plates 
had two s quare openings located on the x axis; another plate had two rectan-
gular openings located on the x axis; and the third plate had four square 
openings located on the diagonals of the plate 0 
Two types of loading conditions for the plates "With openings were 
investigated ~ ( 1) a uniform load, q per unit of area) on the remaining sur-
face of the plate; (2) a uniform load) q per unit of areaJ on the remaining 
surface of the plate plus a uniformly distributed line load on the perimeter 
of the opening 0 In addi tiony solutions were obtained that enabled the separa-
tion of the effects of the opening itself from the effects of the change in 
load on the plateo In most cases considered in this investigation} Poisson~s 
ratio was assumed to be zero; however, for comparison purposes) solutions 
were obtained for three plates using Poissonus ratio equal to 0030 
No distinction will be made in this report between the words Uplate fl 
and Uslab" 0 Both of these words have the same structural meaning. Ordinarily, 
the word plate is used for metal members and the word slab is used for re-
inforced concrete 0 The term Ylplate" will be used in this reporto 
3 
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40 Notations 
The following notations are used throughout this reporto 
X,9 y, z = rectangular coordinates 
w = deflection of the plate~ positive downward 
M = bending moments or twisting moments per unit width 
of plate 
M bending moments or twisting moments acting on the 
rigid bars in the plate analog 
V vertical shear per unit width of plate 
V vertical shearing forces acting on the ends of 
the rigid bars in the plate analog 
q = distributed load per unit of area 
Q = total load acting at a node point in the plate analog 
4 
h = distance between node points of a finite difference 
network 
t = thickness of the plate 
I = moment of inertia per unit ~dth of plate 
E = modulus of elasticity of t..1-J.e material of the plate 
~ = PoissonEs ratio 
N = EI = a measure of the stiffness of the ~late 
b = span length of square plate 
a = angle formed by the rigid bars at the elastic hinges 
in the plate analog 
5 
110 METHOD OF ANALYSIS 
50 Review of Fundamental Equations and Assumptions of the Ordinary Theory 
of Flexure for Plates 
The derivations of the fundamental equations" based on the ordinary 
8* 
theory of flexure of plates" are found in a number of places!" The relations 
necessary for this investigation are summarized hereo 
The differential equation governing the deflections" w, of the 
plate is~ 
(l) 
The relationships between the bending and twisting moments and the 
deflections of the plate are~ 
M -N (o2w 02w) = --+~--x ox2 oy2 
M = -N (o2~ + ~ 02~) Y oy ax c~~~ 
02 
~o '\-~ 
o 'a-
M = 
-N(l - ~) a;Jy r$J "\.)0'9-. -(\.~ ~~. eo" A"y 0 ~ xy &e"; . -<>~ :,,\-O- ~~ ~ ~e ee'\-">- ~,:J-<-.>'\- o~~ 
The shears are~ x.,<1> \-~ -<i',;:.' oIS- ~~ ~e ~~~ 0 (,: '<.J1 ~~o 
oM oM '),)- 0-\:) ~"y ~~~ 4 ~ e'\-
V = x+ y.y ~~ ~.tj.!<1' 
X dx c;y <::;~ ffJ>~ ~~ 
oM oM 
V = #- +--a¥ y 
* Numbers refer to entries in the List of References. 
JI 
6 
The reactions are~ 
oM 
R = Vx +-c¥-x 
oM 
R = V +Tx y y 
The differential equation, Eqo 1, is based on the following 
assumptions ~ 
(a) The plate is loaded only by forces normal to its plane, and 
the stresses acting on any cross section have no resultant 
forces in the direction of the plane of the plate. 
(b) The plate is of homogeneous, elastic, and isotropic material 
of constant thicknesso 
(c) A straight line, drawn vertically through the plate before 
bending, remains straight after bending 0 
60 Basis of the Method of Analysis 
The partial differential equations deri ved by means of the ordinary 
theory of flexure of plates resulted from taking infiniteSimally small dif-
ferentials in setting up the problem. The solutions to these differential 
equations are, in general, continuous functions 0 If the problem is approxi-
mated by taking small finite lengths in place of the differentials, dif~erence 
equations corresponding to the differential equations are obtained 0 The 
solutions to physical problems by difference equations are discrete quantities 
and theoretically these solutions approach the exact solutions of the partial 
differential equations as the small finite lengths approach zeroo Thus, the 
degree of' approximation will, in general, be improved by taking smaller 
finite lengthso 
7 
It may be said that the use of difference equations in place of 
the corresponding differential equations reduces a physical problem of infinite 
degree of indeterminateness to one of a finite degree. 
7 " Fini te Difference Equations 
Normally, finite difference operators corresponding to a differential 
equation may be derived by the direct substitution of appropriate difference 
expreSSions into the governing differential equations" Unusual boundary con-
ditions may be handled by including as many additional equations, which are 
prescribed by the boundary conditions, as may be required to obtain the same 
number of equations as there are unkno"Wlls" For example, when the difference 
operator for a general interior grid point for a plate is applied to a grid 
point on a free edge of a plate, four points Which lie outside the plate 
area are involved in the equation 0 However, four additional equations, which 
involve the bending moments and reactions at the free edge, may be w.ritten 
for the boundary condition c This, in effect, eliminates the points -which lie 
outside the area of the plateo 
This procedure for developing difference operators is convenient 
for most boundary conditions encountered in plates; however, it is difficult 
to use for developing suitable operators for points on re-entrant corners 
of openings in plates because the number of boundary conditions to be satis-
fied at the re-entrant corner exceeds the number of network pOints to be 
eliminated. I'J1hj s difficulty can be conveniently overcome by the use of a 
physical model of the plate from Wich the same difference equations can be 
derived directly. The physical model used in this dissertation was developed 
by Dr 0 N. M. Ne'WIIlark and is referred to here as uNewmark H s plate analog 0 ,,5 
(a) Concept of Newmarkus Plate Analog 
Figure 1 shows a diagrammatic representation of Newmarkss plate 
analog 0 The physical model is composed of rigid bars connecting elastic 
hinges with torsion springs connecting adjacent parallel barso The plate 
analog has the following characteristics~ 
(i) The bars are weightless and undeformableo 
(ii) The mass of the plate and external loads are concentrated 
at the elastic hinges. 
(iii) The resultant of the direct stresses are bending moments 
acting at the elastic hinges and at the ends of each baro 
(iv) The resultant of the vertical shearing stresses are 
shearing forces acting at the elastic hinges and at the 
ends of each baro 
(v) The resultant of the horizontal shearing stresses are 
twisting moments concentrated in the torsion springso 
(b) Derivation of Operators 
8 
The difference operators required in this investigation are sum-
marized in Figs 0 4 and 5 and are derived in this section for a square networko 
The derivation of the difference operator for a general interior 
point of a plate may be found in Refo lJ and is given as, 
9 
r ... 
1 
2 -8 2 
-< 
1 -8 il-0 -8 1 = qh4 
w N 
2 -8 2 
1 
'" 
... 
General Interior Point 
The difference operator for a general point on a free edge of a 
plate and for the points in the region of the re-entrant corners of the 
opening are derived below 0 Figure 2 shows the forces within the plate model 
that af'fect the equilibrium of elastic ~nge 2.' "Which 'is any general interior 
hinge 0 Equilibrium of vertical forces at the hinge £ gi yeS ~ 
- - -V +V -V -V = Q ow os oe on 
'Where V represents the total forces acting 0 This equation can be conveni~ntly 
represented by the following notation~ 
_ fl_ 
V t2-v Yi~~ V f3-V 
os t;d oe 
= Q (2) 
Equilibrium of moments acting on bar oe givesg 
V (h) + (M - M ) + (iL - M~v-tJ = 0 
oe ox ex -~xy  
which can be represented by the following notation~ 
Similarly, for bar on 
v = 
on 
1 
h 
-M l/%'T/Z/d ox _ 
-l\xy 
-M oy 
M 
ex 
10 
( 4) 
When an elastic beam is replaced by a corresponding beam analog, 
EIb 
the elastic hinges are assumed to have a stiffness of h. Wi th this 
assumption, the equilibrium of the beam analog yields the same difference 
operators as the direct application of finite difference equationso In the 
plate analog the moment of inertia term) I,,_-, becomes Ih for a strip of plate 
u-
of width ho Therefore, the stiffness of the elastic hinge in the plate 
analog is EI, where I:is the moment of inertia per unit width of plate 0 
In a two-dimensional elastic body, curvatures in one direction 
cause "sympathetic curvatures f1 of -J..I. times as much in the normal direction. 
In the plate analog, the curvatures wi thin each panel width, h, are 
11 
.concentrated at the elastic hinges in the form of angle changesc Like'Wise, 
an angle change in one direction at an elastic hinge causes a tfsym:pathetic 
angle change" of -I-L times as much in the normal directiono Therefore, the 
angle changes in the x and y directions at an elastic hinge may be expressed 
0: == - 1:.. (M - ~ ) Y EI Y x 
By eliminating M from -the two equations above, the expression for the bending y 
moments in the x direction becomes~ 
M == 
x 
Similarly, M becomes ~ y 
M == 
Y 
= -N(o: +!-L 0: ) 
x Y 
= -N(o: +!-L a ) y x 
The angle change at an elastic hinge may be expressed in terms of the 
deflections of the neighboring hinges as follows~ 
l: (w - 2w + w ) h nos 
The bending moments in terms of the deflections at the elastic hinges may 
be expressed conveniently by the follOwing notation~ 
12 
M N 
. x = - h 
1 (-2-2~) 1 
~J f7 7 7711 @] v II ZI/J I.Il w 
~l 
~ (-2-2~) ~ 
13vZZZZJ[2]vZZZIJEl IN ( 6) 
[]1 
The twisting moments acting on the rigid bars of the :plate analog 
can be represented by: 
or 
M =-
x:y 
EI ( EI (1 + ~) twist) = - h(l + ~) 
-1 1 
w 
1 -1 
N 
Mxy = - Ii w 
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The difference operator for a general point on the free edge of a 
plate can now be derived. 
( i) General Point on the Free Edge of a Plate 
The plate analog in the region of the free edge is shown in Fig. 3(a)o 
At the free edge, M = OJ therefore: y 
or, 
- N ( 2) M =-- l-IJ. ex x 2 x 
The above equation is represented by the following notation: 
M 
x 
= w 
The equilibrium of each of the rigid bars at the free edge can 
be represented as follows~ 
v = .! {-M f 2 2 2 2 24M } 
x h x -M x 
xy 
(8) 
The equilibrium of vertical forces at each of the elastic hinges 
at the free edge can be represented as follows: 
14 
= Q (10) 
Substitution of the expression for M from Eq. 8 and for M from 
x x:y 
Eqo 7 into Eq. 9 gives the follo~ng expression for V at the free edge. 
x 
,. 
2 
" (~5/2 + 3/2 ~ 2 + IJ.)~ (5/2 - 3/2 IJ. - IJ.) 
(1/2 .. 1J.2/2) 
" 
~/2 + 1J.2/2) 
- N V ::-
X h2 .c 
(l-J.L) ( -1+J.L) 
'-
(ll) 
Substitution of the expression for M from Eqo 6 and for M from y x:y 
Eqo 7 into Eqo 4 gives the follo~ng expression for V at the free edgeo y 
l I 
(12) 
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By substituting Eqsc 11 and 12 into Eqo 10 and replacing Q by 
2 qh /2, the following operator is obtained for a general point on a free edge 
of a plate. 
". 
2 ( -8+4j.J.+4j.J.» 2 (-8+4j.J.+4~ ) 
2 (l-~ ) 2 (16-8l-6j.J. ) 
.4 
( 4-2 11) ( -12+4~) ( 4-211) 
2 
... 
General Point on a Free Edge 
(ii) Re-entrant Corner Point 
2 (l-ll ) 
'W = qh 
N 
4 
The stiffness of the elastic hinge at a re-entrant corner of an 
opening is assumed to be equal to the stiffness of a general interior hinge 
of the plate analog. It is further assumed that the load applied to the 
elasti'c hinge at the re-entrant corner is the same as the load applied to the 
general interior hingeo The operators derived in this section are based on 
these assumptions. 
The plate analog of a re-entrant corner is shown in Figo 3(b), and 
the equilibrium of the vertical forces at the elastic hinge £ is given by: 
-v Pl_v on~ L oe 
~vq;1 
V' r/l V 
ow . ~ os 
= Q 
The shearing forces can be expressed as follows: 
v = oe 
1 
h -M ~/Z2d M ox ex 
-M 
"WX 
-l\xy 
t122Z2'JM 
ox -~xy 
M 
Vos = ~ _MCxy~~xy 
-Msy 
M 
ny 
V 1 ~MAxy = -on h 
-M oy 
The follo~ng expressions for the shearing forces are obtained 
16 
(14) 
(16) 
(17) 
by substitution the appropriate expressions for the moments, expressed in 
terms of w, into Eqs. 14 through 17: 
V _N 
oe - h2 
- N V =-
ow 2 h 
r 
-<, 
l 
I 11 I -1 
-
-~ 
1 ~ 
oJ 
~-.L. '/,/7 ,/ '7 '7"'] 5 
-
-
1 -1 
-
I I I 
, (-3 + J.l.+~.?) 
(1/2 _ 1l2/2) \ <7/2 + 1l-1l
2
/ 2) 
-1 
17 
I 
-
-1 
, 
-
w (18) 
-
I 
J 
-1 
w 
- N V =-
as h2 
N 
Von ="""2 
h 
18 
-1 
-:~ 5 -1 
!"'" 
1/ 
'.I 
1I (20) 
II 
II 
1 ... ~ -5 1 
1 
(-1/2 . +~2 /2) ~ 4-----lI---
w (21) 
1 
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By substituting Eqso 18J 19, 20, and 21 into Eq. 13 and by replacing 
2 Q by qh , the follo~ng operator is obtained for the re-entrant corner of an 
opening in a plate. 
r 
2 (1/2 - ~ /2) 
2 (-5+~ ) (2-~) 
2 (17+2~-~ )~ 
(1/2 _ ~2/2) (_5~2) -8 1 W= 
(2-~) -8 2 
1 
~ 
(iii) Point Adjacent to Re-entrant Corner 
The derivation of the operator for the point on the free edge of 
the opening immediately adjacent to the re-entrant corner can be obtained 
by the same method as was used for the operator above. The operator for the 
edge point adjacent to the re-entrant corner is~ 
20 
... 
21l 
2 (17-81l-51l ) 
(l_~2) (-8~~-lO+2~2) 2 
'-
>-
qh4 
w=-· N 
( 4-21l) ( -l2+4~) 4 
2 
8. Relationship Between the Shape of the Opening and the Fineness of 
the Network 
The assumptions for the corner of the opening in the plate analog 
closely approximates the behavior of the actual plate at the corner of the 
opening 0 It is convenient to think of these assumption.s as approximations 
of the condition where the corners of the opening are slightly rounded. 
Figure 6 shows a diagrammatic representation of these assumptions. It is 
apparent that the sharpness of the corner is directly related to the fineness 
of ~~e difference network used. 
Figure 7 shows the shape of the corners of an opening for two 
different networks. The corners become very sh~p when a very fine network} 
such as h = b/80} is used. 
21 
In order to evaluate the effects of the shar~ness of the corners 
of an opening on the bending moments in a plate) solutions were obtained 
for Plate Sl with networks corresponding to h = b/20, b/30, and b/80o It 
should be emphasized that the results of these solutions contain not only 
the effects of the sharpness of the corners of the o~ening, but, also the 
effects on the accuracy due to the use of finer networkso 
To obtain the solution to Plate Sl for a network where h = b/Bo, 
it was necessary to use a ~rocedure whereby the results from a course network 
were used to establish boundary conditions for the reduced netvrorko Figure 26 
shows the region where the reduced network was usedo The deflections of the 
coarse network (h = b/20) at two grid lines from the opening were taken as 
part of the boundary conditions for the refined network of h = b/80o Newton!s 
surface inte~olation formula in finite difference form4 was used to obtain 
the deflections at intermediate points on the inter~olated surface, as 
indicated in Fig. 26, thus completing the necessary boundary conditions. 
Forward differences were used in Newtonrrs formula so that none of the points 
in the coarse grid closer than two grid lines from the o~ening were usedo 
9. Solution of Simultaneous Equations 
In this investigation, the solutions to the sets of simultaneous 
equations 'WEre obtained by use of the ILLIAC (the Uni versi ty of Illinois 
Digi tal Computer). Since the ILLIAC has the capability for solving as many 
as 143 simultaneous equations, it was possible to use a fine network for the 
solutions presented in this reporto Whenever possible, symmetry was used 
to reduce the number of equations involved in the solutions 0 The minimum 
number of simultaneous equations solved in this investigation was 34 and the 
maximum number was ll4. 
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III 0 OUTLINE OF INVE3TIGATION 
100 General Remarks 
When an opening is introduced into a uniformly loaded square plate 
with fixed edges, several changes in the physical nature of the system occur~ 
(1) There is a change in the over-all stiffness of the plate c If the opening 
is not completely symmetrical 'With respect to the plate, t...l-J.ere is also a 
change in the relative stiffnesses of the various portions of the platec 
(2) If the uniform load is applied only to the remaining surface area of the 
plate, there is a reduction in the total load on the plate due to the loss 
of applied load "Wi thin the area of the opening. 
In the view of the varied and interrelated changes that are produced 
when an opening is introduced into a plate, it was apparent that this investi-
gation should include different Sizes, shapes, and locations of openings within 
the square plate 0 In addition to the uniformly distributed load} it was also 
desirable to investigate the effects of a uniformly distributed line load 
around the perimeter of the openings, since this type of loading may occur 
in practice 0 It seemed that a sui table magnitude of this line load should 
be proportional to the load removed from the area occupied by the opening. 
With this in mind, the total magnitude of the line load applied to the 
perimeter of the opening was made equal to the total magnitude of the load 
removed by the openingo Thus} when plates "With openings are loaded with 
lli~iform loads oVer the remaining surface areas and -Qlliformly distributed llile 
loads applied to the perimeters of the openings} the total load on each plate 
is the same as that on a uniformly loaded solid plate 0 
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lie Types of Openings 
The various types of openings considered in this investigation are 
shown in Figs. 8, 9, and 100 They may be divided into three series as follows ~ 
Series 8 ~ 8quare Openings. -This series includes five plates as 
sho'WIl in Figo 80 In Plates 81, S2, and S3, the openings are located in the 
center of the square plates 0 In Plates 84 and 85, the openings are located 
in one cornero 
Series R~ Rectangular Openings. This series includes five plates 
as shown in Fig 0 9. The openings are located in the center of the plates 
with a constant width in the y direction and varying lengths in the x direction. 
They are identified as Rl, R2, R3, R4, and R5 in order of increasing length 
of opening 0 Note that Rl and 81 are the same plate but are listed in -each 
series so that all the plates in each complete series can be represented by 
similar symbols. 
Series M: Multiple Openings 0 - This series includes three plates 
as shown in Fig 0 10. Plate Ml contains two square openings located on the 
x axis. Plate M2 contains two rectangular openings located on the x axis 
wi th the long direction of the openings parallel to ifb,e y axis 0 Plate M.3 
contains four s quare openings located on the diagonals of' the plate ~ 
12 . Loading Condi tions 
In order to separate the weakening effects of the opening and the 
effects due to the change in load, it was necessary to obtain solutions for 
two plates for each size of opening considered. That is, a solution was 
obtained first for the plate with a specific opening; then a solution was 
obtained for a solid plate with a loading ident~cal to that for the plate 
24 
with the openingo Thus, the only difference in these two solutions is that 
in the first case the plate contained an opening (identified by the letter 
nO"), 'While in the second case the plate was solid but the area previously 
occupied by the opening was unloaded (identified by the letter I1Sft). 
Two types of loading were used in this investigatiollo These two 
loading conditions were designated U and L and were applied to both the plates 
wi th openings (0) and the solid plates with corresponding unloaded areas (8) 0 
These loadings are described below and are show.n diagrammatically in Figs. 11 
and 12. 
Loading U. For those plates with openings, identified by HOll, a 
uniformly distributed load q per unit of area ~ distributed over the remain-
ing area of the plate. For the solid plates identified by Us ", the uniform 
load q per unit of area was distributed over the area of the plate except in 
the area previously occupied by the opening 0 See Fig 0 11 for a diagrammatic 
representation of these loadings. 
Loading Lo· For those plates with openings, identified by flO", a 
uniform load q per unit of area was distributed over the remaining surface 
area of the plate and a uniformly distributed line load was placed on the 
perimeter of the opening 0 The total magnitude of this line load was equal 
to the product of the uniform load per unit of area times the area of the 
opening.. Thus, the total load on the plate was the same as that on a uni-
formly loaded solid plate. For the solid plates, identified by "SII, a 
uniform load q per unit of area was distributed over the surface area of the 
plate except in the area previously occupied by the opening; in addition, 
a uniformly distributed line load was placed on the perimeter of the area 
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previously occupied by the opening. The total load. on the plate was again 
the same as that on a uniformly loaded solid plate 0 See Fig 0 12 for a diagram-
matic representation of these loadings. 
13. Secondary Variables 
The difference network used for the square plates in ~~is investi-
gation was usually 20 by 20 divisions, or h = b/20. However, due to the lack 
of symmetry, Plates 84 and S5 were solved using a network of 10 by 10 
divisions, or h = b/10.. Since the accuracy of a solution is improved by 
using a finer network, reduced network sizes were used for one of the plates 
in order to compare the results. Plate 81 of Fig. 8 was used for this com-
parison because of its symmetric conditions" 
Complete solutions were first obtained for networks of h = b/20 and 
h = b/30o Then, using ~~e deflections corresponding to the net~rk h = b/20 
at a distance of two grid lines from the edge of' the opening as a bO"LUldary 
condition, a solution was obtained USing a new network of h = b/80 around 
the opening" These solutions for Plate 81 were obtained for both Loadings U 
and L for all three networks. 
Two values of Poisson 1 s ratio were considered in this investigation. 
In most cases, Poissonss ratio was assumed to be zero; however, for comparison 
purposes) the solutions for Plates Sl, 85, and R2 ~re obtained with both 
J..L = 0 and J..L = 0 .. 30 Unless otherwise indicated, the results presented in this 
investigation are based on Poissonis ratio equal to zeroo 
14. Plate Identification 
Each plate considered in this investigation is identified by a code 
which contains four characters 0 For example ~ 
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Indicates sha:pe of o:pening (Square Series) 
Indicates o:pening size (12 within the Square Series) 
I Indicates plate with opening (0) or solid plate 
11- Indicates type of loading (Uniform Load) 
S2-0U 
In this exam.:ple, the :plate contains a square o:pening of size Noo 2 in the 
(s) 
series of square o:penings and is loaded 'With a uniform load q :per unit of area 
on the remaining surface of the :plateo Other examples are as follows~ 
S2-SU~ This is a solid plate with a uniform load q per unit of area 
on the surface of the plate except in an area in the center of the plate 
corres:ponding to 82 in Figo 80 
R3-0L~ This is a plate with a rectangular o:pening of size No. 3 in 
the center as indicated in Figo 9. The :plate is loaded with a uniform load 
q per unit of area on the remaining surface of the plate; and, in addition" 
with a uniformly distributed line load on the perimeter of the rectangular 
opening. The total load on this plate is the same as that on a solid plate 
~th uniform load q per unit of area over the entire surface of the plateo 
M2-SL~ This is a solid plate with a uniform load on the surface 
area. exce:pt in the area indicated in M2 of Fig 0 10; andJ in addition, a lll1i-
formly distributed line load on the perimeter of the unloaded area 0 The total 
load on this plate is the same as that on a solid plate "With uniform load 
q per unit of area over the entire area of the plateo 
In ~~s investigation it was desirable to compare the bending 
moments for the various cases considered with the bending moments in a. uni-
formly loaded solid square :plate with fixed edges. Hereafter J the bending 
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moments which occur in a uniformly loaded square plate with fixed edges are 
referred to as ft:standard n moments 0 The nexact n values of these standard 
moments are available in reference 6. Since the tteJW.ct tf values were not 
tabulated for all the pOints in a plate that this investigation would require, 
a solution for a square plate with fixed edges was obtained by finite dif-
ference equations for use as the "standard." A network of 20 by 20 grid lines 
was used for the solution. In general, close agreement was obtained between 
the finite difference solution and the Uexact fl solution 0 The finite difference 
solution indicated a maximum negative moment at the centers of the fixed edges 
2 2 
of -0.0509qb as compared to the tlexactll value of -Oo05l3qb 0 The finite 
difference solution indicated a ~mum positive moment at the center of the 
2 2 plate of +Oo0177qb as compared to the Uexact" value of +Oo0175qb 0 
Since the solutions in this investigation vere obtained from finite 
difference equations, it was convenient to use the network of grid lines as 
reference lines for the identification of moments along and across the 
sections of interest 0 Figure 13 indicates the system for identifying these 
sections 0 Note that each section is identified by a unumber-direction lt code. 
For example, a plot of the bending moments across a section through the 
center of the plate in the x direction would be identified as~ 
line O-Xo 
M across y 
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IV. PRESENTATION AND DISCUSSION OF NUMERICAL RESULTS 
150 Deflections 
The maximum deflections of the plates considered in this investi-
gation are listed in Table 1 on the following page. The deflections are 
listed for both the plates with openings and the solid plates with corre-
sponding unloaded areas 0 It should be remembered that for Loading L the 
total line load was equal to the total load removed by the opening; therefore, 
the total load on eac1l; plate for Loading L was the same as the total load on 
the standard uniformly loaded solid plateo The position of maximum deflection 
was at the center of the plate for all of the solid plateso The magnitudes 
and positions of the maximum deflections for the plates wQth openings are dis-
cussed below according to the three general categories considered in this 
investigation 0 
Square Openingso For the square openings located in the center of 
the plate, the maximum deflections for Loading U were smaller than those for 
the standard plate. The same thing was true for Loading L except for the 
smallest opening (Plate 81) which indicated a slight increase in deflectiono 
The points of maximum deflection were located at the centers of the edges of 
the openings. For the openings located in one corner of the plates, the 
maximum deflections were larger than those of the standard plate for both 
types of loading 0 It should be pointed out that the large deflection of 
Plate S5 for Loading L was caused by the large line load applied to the peri-
meter of the openingo In this case, the total load on the area removed by 
the opening was uniformly distributed on the two inside edges of ~~e opening 
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TABLE I 
MAXIMUM DEFLECTIONS OF SQUARE PLATES WITH FIXED EDGES 
Deflections, in terms of qb
4 
N 
Plates 
Loadin~ SU Loadin~ OU Loadin~ SL Loading OL 
Standard 0.00129 0,,00129 
Sl o "OOllO 0000121 0000125 0000141 
S2 0000066 0000067 00001ll 0000114 
Square 83 0000025 0,,00018 0000072 0000052 Series 
s4 0000143 0000154 
85 0.00152 0.00293 
Rl 0000110 0.00121 0.00125 0.00141 
R2 0000094 0.00112 0000123 0,,00149 
Rectangular 0000084 0000105 0.00120 0000153 Series 
0.00080 0.00105 0000117 0000160 
0.00078 0000117 0000117 0.00183 
0.00111 0.00121 0.00129 0.00139 
Multiple 0.00095 0000132 0 .. 00127 0.00177 Series 
0000134 0000144 
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and none was applied on the edges of the opening corresponding to the fixed 
edges of the plateo The point of maximum deflection was at the center of the 
plate for both types of loading on Plate 840 The point of maximum deflection 
in Plate 85 was at the center for Loading U and at a point O.lb from the 
center along the edge of the opening for Loading L. 
Rectangular Openings 0 For this series) the maximum deflections 
were smaller than those of the standard plate for Loading U and were larger 
for Loading La The points of maximum deflection were located at the centers 
of the long edges of the openings. 
Multiple Openings. For this seriesy the maximum deflections w.ere 
approximately the same as those of the standard plate for Loading U and were 
larger for Loading L. The points of maximum deflection were located at the 
centers of the plates 0 It is of interest to note the small change in maximum 
deflection in Plate M3 when the loading ~ changed from Loading U to Loading L. 
160 Plates with Uniform Loads (Loading U) 
In order to establish a basic ufeeling U of what happens in a uni:-
formly loaded square plate containing an opening, it is desirable first simply 
to make a general comparison between the resulting moments and the Ustandard tf 
values for the uniformly loaded solid plate 0 The bending moments for Plates 81} 
R3J and Ml are discussed hereo 
The moments for Plate Sl with a square opening in the middle and 
with a uniform load q per unit of area on the remaining surface of the plate 
are plotted in Fig . , 1. .L'1"o As compared w~th the standard solution for a plate 
with no opening, the bending moments were reduced everywhere except in an 
area immediately adjacent to the opening. It is of interest to note that 
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the distribution of negative moments at the fixed edges was practically un-
changed by the openingo 
When a rectangular opening was introduced into a uniformly loaded 
square plate, it 'WaS necessary to consider separately the moments in the x 
and y directions. Figure 15 shows the moments in the y direction for a 
uniformly loaded plate of type R30 It can be seen that the moments, My' were 
reduced by a considerable amount throughout the plate except at localized 
points at the corners of the opening 0 The negative bending moments across 
the fixed edge (at line lO-X) maintained approximately the same distribution 
as the corresponding standard moments although the magnitude of the moments 
was reduced. 
Figure 16 shows the bending moments in the x direction across 
certain sections of Plate R5 for the same conditions as in Figo 150 The 
negati ve moments across the fixed edge (at line 10~Y) were reduced in magni-
tude from the corresponding standard moments but the distribution remained 
similar 0 In this figure, the magnitudes of the posi ti ve moments in the x 
direction were approximately the same as the corresponding standard values, 
except in the area of the plate removed by the opening 0 It is important to 
note the large differences in magnitude between the positive bending moments 
in the x and y directions ~ch can be seen by comparing the moments in 
Figs. 15 and 16. 
Figure 17 shows the bending moments in the y direction across 
certain sections for a uniformly loaded square plate that contains two open-
ings as shown in Plate Ml of Figo 100 The negative bending moments across 
the fixed edge (at line 10-X) were approximately the same as those in the 
standard plate in both magnitude and distributiono The positive bending 
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moments were significantly different from the standard values" particularly 
in the regions immediately surrounding the openings. Notice that the moments 
M across line a-x have changed sign in a portion of the plateo y 
Figure l8 shows the moments in the x direction for Plate Mlo The 
distribution of bending moments across the fixed edge (at line lO-Y) was 
changed from that of the standard plate due to the closeness of the opening 
to this fixed edge. The plots of the bending moments across the central 
sections of the plate show that the positive moments were reduced. 
The moments for the plates with openings that were shown in Figs 0 l4 
through l8 and discussed above represented the final moments due to the 
interaction of two effects that openings cause within plates. That is,, the 
moments for a plate are affected" on t he one hand) by the physical removal 
of the opening itself and) on the other hand) by the loss of applied load 
within the opening area. It was desirable to investigate these two effects 
to determine their relative importance. The bending moments for Plates R2 
and S2 are presented here to illustrate these effects. 
If the moments are obtained first for a uniformly loaded plate with 
an opening) and then for a uniformly loaded solid plate with an unloaded area 
corresponding to the area occupied by the opening in the first plate} a COill-
parison of these two sets of moments will indicate the change in moments in 
a plate due to a portion of the plate being removedo Obviously" the loading 
has remained constant in these two solutionso Figure 19 includes the moments 
in Plate R2 for Loadings OU and SU" and Fig 0 20 includes the moments in 
Plate S2 for the' same loadings. A comparison of the moment curves produced 
by Loadings au and SD presents some interesting resultso For these two 
examples) the changes in moments due to the opening; alone were small in the 
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negative moment regions of the plate near the fixed edges. In the positive 
moment regions, the magnitudes of the moments in the area adjacent to the 
opening were increased (in some cases) a considerable amount) when the open-
ings were introduced into the plateso 
In general, similar changes in negative moments due to the openings 
alone were found in all the plates of this investigation 0 That is, the 
negative bending moments in areas near the fixed edges were very little affected 
for any size, shape, or location of the opening, provided the opening was not 
too near the fixed edge. In this latter case the negative moments were, of 
course, seriously affected. 
Figures 19 and 20 may also be used to show the effect of a change 
in the loading pattern alone for a plate with no opening. Remembering that 
Loading SU is a uniform load on a solid plate 'Wi. th an unloaded area correspond-
ing to the opening size and location, a comparison between the moments for 
Loading SU and the standard moments indicates me change in bending moment 
due to the change in loading alone 0 The changes were large in both the 
negative and positive moment regionso In fact, the larger portion of the 
change in moments when an opening was introduced into a uniformly loaded 
square plate was caused by the change in loading with the exception of those 
in the localized area around the opening 0 In this area,9 the change in 
moments due to the removal of the opening itself was largero 
17. Plates with Uniform Loads Plus Line Loads (Loading L) 
For this loading condition, the total magnitude of the line load 
was made equal to the magnitude of the load removed by the opening; therefore, 
the total load on each plate with loading type L -was equal to the total load 
on the standard plate. This type of loading should accentuate the weakening 
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effects of the opening 0 The bending moments for Plates Sl, R3, and Ml are 
used to illustrate the effects of this type of loadingo 
Figure 21 shows the bending moments across certain sections for 
Plate Slo The negati ve moments at the fixed edges were slightly increased 
in magnitude, but the distribution remained substantially the same as that 
of the standard plate. In this figure) the plots of moments across the central 
sections of the plate show the increase in positive bending momentso 
Figure 22 shows the bending moments in the y direction across certain 
sections for Plate R30 Here again, the negative bending moments across the 
fixed edge of the plate were slightly increased in magnitude) but the distribu-
tion of moments remained substantially the same as that of the standard plate 0 
The positive bending moments in the y direction were reduced considerably in 
this plate except in the region of the plate at the end of the opening. It is 
of interest to note that the positive moments in the y direction for Loading L 
were, in some regions, smaller than the corresponding moments for Loading U 
as shown in Figo 15. 
Figure 23 shows the bending moments in the x direction across certain 
sections for Plate R3. The negative bending moments across the fixed edge 
(at line lO-Y) had a greater increase over those of the standard plate than 
the corresponding moments across the fixed edge in the other direction (at 
line lO-X in·Figo 22). The positive bending moments were) in general, greater 
than those of the corresponding pOints in the standard plateo 
Figure. 24 shows the bending moments in the y direction across 
certain sections for Plate Mlo The negative moments across the fixed edge 
(at line lO-X) were increased slightly, and the distribution remained similar 
to that for the standard plate 0 The posi ti ve moments were almost doubled in 
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value in some areas around the openings. Notice that the moments across line 
o-x changed sign in the region of the plate between the opening and the edge 
of the plate. 
Figure 25 shows the bending moments in the x direction across certain 
sections of Plate Mlo The distribution of negative moments near the fixed 
edge was changed somewhat from that of the standard plate; however) the total 
negative moment across any section was changed very little from the standard 
value 0 
Since the total load on all the plates with loading type L was the 
same, it was of interest to know the relative magnitudes of the change in 
moments caused by the change in distribution of load on the plate and the 
change in moments due to the opening itself 0 It was found that the effect 
on t...'l-J.e moments was very small in a solid plate when a square or rectangular 
region of the uniform load was replaced by a line load applied to the perimeter 
of the unloaded area 0 The moments were usually decreased by a small amount 
at the fixed edges and were similarly decreased wi thin the unloaded region 
of the plate) particularly in the case of large unloaded areas as in Plates 
S2 and 830 Consequently, the changes in the moments for a plate with an 
opening and loaded with loading type L were largely caused by the opening 
itself as opposed to the redistribution of the applied load. 
18~ Consideration of Fineness of Network 
The moments in Plate 81 were found using three different networks. 
Very little difference in moments was found for networks with h = b/20 and 
h = b/30. For example) the maximum negative moment on the edge of the plate 
was Oo0479qb2 for h = b/20 and Oo0482qb2 for h = b/30. At the very edge of 
the opening, the differences between the two computed values of moments were 
slightly larger. For example, the moments at the corners of the opening 
were OoOl46qb2 for h = b/20 and Oo0155qb2 for h = b/30 0 It should be re-
membered that this difference in values at the corner of the opening was not 
entirely due to the fact that the reduced netwurk gave more accur~te results, 
since the shape of the corner of the opening was also changed by the reduced 
network size. 
Figure 26 shows a diagrammatic representation of the network with 
h = b/80. Since the moments at a distance of two coarse grid lines from the 
opening were affected very little as the sharpness of the corner increased, 
the deflections of the coarse network two grid lines from the opening were 
taken as boundary condi tions for the finer network. Newton B s surface inter-
polation formula in finite difference form4 was used to obtain the necessary 
deflection points on the interpolated surface corresponding to the finer 
network 0 Forward differences were used in Newton U s formula so that none of 
the points in the coarse grid closer than two grid lines from the opening 
would be involved in the interpolated surface. 
Figure 27 shows the comparison of moments in the region around the 
opening for difference networks of h = b/20 and h = b/Boo It can be seen 
that these moments were very nearly equal except in the area immediately 
adjacent to the corner of the opening. This was true for both Loading U 
and Loading La 
Figure 28 shows the moments along line 2-Y., These plots shoW' the 
increase in bending moments at the corner of the opening as the difference 
network became finer. The moments at the corner of the opening showed a 
sharp peak when a very fine network such as h = b/80 was used. It is apparent 
that for this network the corner is moderately sharp 0 Therefore, for a truly 
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square corner, the peak moment can be expected to be extremely high; but, 
this high peak moment occurs in a very localized area, and depending upon 
the material properties of the plate and the purpose of the structUre, may 
or may not be of particularly serious concern 0 
19. Effects of Rectangular O:penings of Different Si zes 
In this phase of the investigation, a series of five rectangular 
openings of different sizes was considered (see Fig ~ 9) 0 The openings were 
located in the center of the plates with the width of the opening in the: y 
direction remaining constant and equal to' Oo2b and length in the x direction 
varying. 
The upper plot in Figo 29(a) shows the moments across a fixed edge 
as the opening enlarged parallel to that edge for Loading U 0 It is of 
interest to note that the moments were smallest for the intermediate sizes 
of opening R3 and R4. For the largest opening, R5, t...'l-J.e moments were greater 
than those for R3 and R4 and were almost identical to those for the much 
smaller opening R2 0 This seemingly anomalistic result is caused by the inter-
action of the combined effects of removing .~oad ,.and removing plate area 
as the size of the opening was increased 0 This can be seen from the lower 
plot in Figo 29(a) in Which all of the loading types considered in this in-
vestigation are presented. It is easy to see the .:change in moments due to 
the opening itself by subtracting the corresponding moments for Loading SU 
from those for Loading OU, for the uniformly loaded plate, and by subtracting 
the corresponding moments for Loading SL from those for OL, for the uniform 
load plus line load condition 0 The change in moments at the midpoint of the 
fixed edge due to the change in load can also be obtained by subtracting the 
corresponding moments for Loading SUfromthe horizontal line representing 
the magnitude of moment in the standard plate" This would indicate the 
change in moment at the midpoint of the fixed edge due to the change in load. 
for a unif'ormly loaded plate as the unloaded area enlarged parallel to the 
edge considered 0 Similarly, by subtracting the corresponding moments for 
Loading SL from the standard value, the change in moments is obtained due 
to simply moving the uniform load corresponding to the opening area out to 
the perimeter of the unloaded area and uniformly distributing it in the form 
of' a line load .. 
The upper plot in Figo 29(b) shows the moments across a fixed edge 
for Loading U as t...lJ.e opening enlarged toward that edgeo Note that the dis-
tri bution of moments across this fixed edge was not changed very much until 
the opening had enlarged into the negative moment region adjacent to the 
edge. It is of interest to note that the moment across the center of the 
fixed edge of the plate remained fairly large even wen the opening was only 
O.lb from the fixed edge (Plate R4). The lower plot in Figo 29(b) shows the 
moments across the midpoint of a fixed edge as a series of rectangular 
openings enlarged toward that edge, for all of the loading conditions con-
sidered in this investigation 0 It can be seen that the opening itself, as 
opposed to the load change, seriously affected the moments across the fixed 
edge as the opening enlarged into the negative moment region adjacent to 
that edgec 
Figures 15 and 16 show the moments across the important interior 
sections of a typical plate of the rectangular series of openings (Plate R3). 
It can be seen that the positive moments in the y direction were reduced 
considerably from those of the standard plate; at the same time, the positive 
moments in the x direction were about the same as those of the standard 
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plate 0 The upper plot in Figo 29(c) shows the moments in the x direction at 
point nett (Figo 29a) for the series of rectangular openings c Loading con-
ditions U ruld L are both plotted so that the effects of the two types of 
loading can be compared 0 It is of interest to note that the greatest effect 
on the moment at point fie", for both types of loading conditions, 'Was pro-
duced by the smallest opening, Rl c When the opening "Was increased, the moment 
at point riC If remained almost constant 0 The lower plot in Fig 0 29( c) shows 
the maximum value of the positive moment anywhere in the plate for the rectangu-
lar series of openings. The point of maximum posi ti ve moment was at point fie It 
(Fig 0 29a) in all of the plates except Plate Rl 0 In Plate Rl the maximum 
positive moment was also on the edge of the opening but very close to the 
corner of the opening rather than at the midpoint of the edge 0 It should be 
remembered that the maximum positive moments shown in Figo 29(c) do not take 
into account ~~e high localized moments that may occur at the corner of the 
opening if the corner approaches a sharp, re-entrant condition. 
200 Effects of Square Openings of::.Different Sizes 
In this phase of the investigation, a series of five square openings 
of different sizes 'WaS considered (see Figc 8)0 Three of the openings (Sl, 
82, and 83) were located in the center of the plates ~le the other two (s4 
and 85) w~re located in one corner 0 
Figure 30(a) shows the moments across a fixed edge and across the 
center of the plate as a square, concentric opening enlarged within the 
square plate 0 It is apparent in this figure that any opening of this type 
larger than size 81 seriously affected both the negative. moment at the fixed 
edges of the plate and the posi ti ve moment in the central area 0 The large 
change in negative moment was due largely to the change in load on the plate. 
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Figure 30(b), which shows the moments across the fixed edge of the plate at 
point tfDfI (see Figo 30a), clearly indicates this large change in moment due 
to the change in load on the plate. That is, the differences between the 
line representing Loading 5U and the horizontal line representing the moment 
at point trD If in the standard plate are the changes in moment due to the 
change in load. The differences between the lines representing Loadings SU 
and OU are the changes in moment at point "Dr! due to the removal of the 
opening itself 0 Note also in Fig 0 30( b) that the moments for Loading L at 
point fiD n remained close in magnitude to the standard value of the moment 
at that pointo 
Figure 31 shows the bending moments in Plate s4, which contained a 
square opening in one corner of the plateo It is important to note that the 
moments in the plate were not affected very greatly by the opening except in 
the same quadrant as the opening. In Figure 32, the moments are show.n for 
Plate 85, which contained an opening in one entire quadrant of the plate. 
It is apparent in this figure that this large opening affected only the 
moments in the area of the plate immediately surrounding the opening 0 The 
remainder of the moments in this plate remained fairly close to those of the 
standard plate. 
When line loads were placed on the perimeter of the openings in 
Plates s4 and 55 in addition to the uniform loads on these plates, it was 
found that somewhat larger areas surrounding the openings -were affected by 
the openings 0 The bending moments in these area.s around the openings 
increased significantly due to the line loads. In Plate 54, for example, 
the negative bending moment across the fixed edge at the point Where the 
opening touched the fixed edge was equal to 0004 74qb2 when the uniform load 
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alone was applied; whereas, the negative moment at the same :point was equal 
to Oo0723qb2 "When a. uniformly distributed line load equal to the load 10S't..; 
v 
due to the opening was placed on the perimeter of the inside edges of the 
opening in addition to the uniform load on the plateo 
21. Effects of Multiple Openings 
In this phase of the investigation, a series of three square plate s 
wi. th multiple openings 'W"'aS considered. These pla.tes are sho'W!l in Fig c 10 c 
The bending moments in Plate Ml of this series are shovm in detail in Figs 0 17 
and 18 and are discussed in Article 160 
Figure 33 shows a comparison of the moments across the fixed edges 
of the plate "When the opening pize was changed from Ml to M2. It can be seen 
in Fig. 33(a) that the moments across the fixed edge at line lO-X were affected 
very little as the opening enlarged toward the edgeo This is similar to the 
results found ~th the expanding rectangular opening in the center of the 
plate 0 That is, the moments across a fixed edge ~re affected very little 
as an opening got closer to the fixed edge, so long as the opening did not 
extend into the negative moment area at the fixed edge. Figure 33(b) shows 
the moments across the fixed edge at line lO-Y as the multiple openings were 
enlarged parallel to this edge 0 It can be seen that these fixed edge moments 
were affected a great deal as the openings enlarged parallel to the fixed 
edge. Recalling that in the discussion of the rectangular series of openings 
it was found that the concentric, rectangular opening did not affect seriously 
the bending moments across the fixed edge as the opening enlarged parallel 
to the fixed edge, it is apparent that this large change in moments across 
the fixed edge, when the multiple openings were enlarged, was caused by the 
nearness of the openings to the fixed edge. 
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In Plate M), 'Which contained four openings on the diagonals of the 
square plate, the moments across the central portion of the fixed edges and 
in the central portion of the plate were not affected greatly by the openings. 
For example, the moment across the center of the fixed edges was Oo0507qb2, 
and the moment at the center of the plate was Oo0185qb2, as compared with 
moments of 0.0513 and Oo0175qb2, respectively) for the standard plate. However, 
the openings did affect the moments in the area of the plate adjacent to 
the openings. 
Figure 34 shows a comparison of the moments in Plates R2 and Ml 
(Figs 0 9 and 10)0 The total areas removed by the openings were the same in 
each plate; therefore, the total loads were the same on each plate. It is 
interesting to note the increase in moments across line lO-X at the fixed 
edge as the central opening in Plate R2 -was changed into two openings in 
Plate Ml. At the same time, it can be seen in Figo 34(b) that the moments 
across line 10-Y at the fixed edge were decreased as the openings moved 
closer to the fixed edge 0 The large change in moments in the area of the 
plate immediately adjacent to the opening is shown in these figures by the 
moments across selected sections near the center of the plate. 
22. Effects of Different Values of Poissonns Ratio 
In most cases, Poisson~s ratio -was assumed to be equal to zero in 
this investigation; ho~ver, for comparison purposes, solutions for three 
plates (81, S5, R2) were obtained both with ~ = 0 and Il = 0030 Since-the 
boundary conditions for a plate containing an opening are not independent 
of Poissonis ratio, a completely independent solution for each plate con-
sidered must be obtained for each value of Poisson Us ratio usedo Although 
this is a very limited study of the effects of different values of PoissonRs 
ratio, the results indicate some interesting trendso 
In plates Sl and R2 the values of the bending moments in the regions 
of the plates immediately adjacent to the openings were from 25 to 35 percent 
larger for Il = 003 than for Il = 00 The moments in the immediate regions of 
the fixed edges were changed very little and could be determined from the 
expressions ~ch apply to solid plates without introducing more than 
5 percent erroro Th . 6 f II ese expreSSlons are as 0 o~~ 
~ = 
Mil = 
Y 
~o+ ~o 
x Il Y. 
wherein M and M are mdments per unit of width in the direction of x alld y, 
x y 
respectively, and superscripts indicate the value of ~ considered. 
In Plate S5 the values of the bending moments in the area of the 
plate immediately adjacent to the opening were from 10 to 25 percent larger 
for Il = 0 <> 3 than for Il = 00 The 10 percent increase occurred at the corners 
of the opening that join the fixed edges of the plate, and the 25 percent 
increase occurred at points on the edge of ~~e opening near the center of the 
plate 0 Except in the region very near the opening, the moments could be 
determined by the expressions w.hich apply to solid plates without introducing 
more than 5 percent erroro 
230 Accuracy of Results 
The bending moments for the plates with openings presented in 
this report are believed to be quite accurate because of the fineness of the 
difference network used in the solutions. As has been pointed out previously, 
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the magnitude of the localized moments in the immediate region of the corner 
of an opening is largely dependent on the sharpness of the corner of the 
opening 0 Therefore, the localized bending moments at the corners of the 
openings reported herein are accurate only for the type of corner that satis-
fies the assumptions made. 
Unfortunately', very little experimental data is available with which 
the theoretical results of this investigation could be compared. Reference 2 
presents some experimental results obtained from tests on small plastic models 
" of plates with openings by means of the MOire experimental method of analysis. 
Owing to the different value of Poissonus ratio used in this reference) the 
experimental results were not strictly comparable to the theoretical analysis 
made in this investigation; however) the moments across the fixed edges of 
the s quare plates did seem to agree reasonably well for the cases that could 
be compared 0 The bending moments in the regions of the plates immediately 
adjacent to the openings were not determined by the Moir~ method. Reference 3 
presents some results for plates with openings based on a theoretical analysis 
Where the plate is replaced by a network of intersecting beamso A deflected 
shape is assumed and adjusted until the "statics ratiotl at each joint is the 
same over the entire plate 0 The moments were determined from this deflected 
shape 0 Because of the coarseness of the network used in this reference, the 
results presented were very approximate, especially in the region of the 
plate around the opening. 
v 0 SUMMARY AND GENERAL CONCLUSIONS 
The theoretical investigation presented herein is concerned with 
the effects of square and rectangular openings on the bending moments in 
square plates with all edges fixed. The over-all object of this investigation 
was to provide a basic fffeelingfl for the changes in bending moments that occur 
in loaded plates when square and rectangular openings are introduced. 
The method of analysis used was based on .. the application of finite 
difference equations to plateso The required difference operators were based 
on the concept of Newmark B s plate analog. In this analog, the plate is repre-
sented by a physical model composed of rigid bars connecting elastic hinges 
wi th torsion springs attached to adjacent parallel bars. The simultaneous 
equations involved in this investigation were solved on the ILLIAC (the 
University of Illinois Digital Computer) 0 
Different sizes, shapes, and locations of openings within the square 
plate were included in this study. The various openings are sho'Wll in Figs. 8, 
9) and 10 and are grouped according to the following categories~ (1) square 
openings; (2) rectangular openings; (3) multiple openingso Two types of 
loadings were considered for all of the plates with openings: (1) a uniform 
load applied to the remaining area of the plate; (2) a uniform load applied 
to the remaining area of the plate plus a uniformly distributed line load 
applied at the perimeter of the opening. In addition) solutions fb reach 
plate were obtained which enabled the effects due to the change in loading 
to be separated from the effects due to the opening itself. In most cases, 
Poisson's ratio was taken as zero in this investigation; however, for com-
parison purposes) solutions were also obtained for three of the plates with 
Poissonns ratio equal to 003. 
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In view of the varied and interrelated changes that are produced 
'When an opening is introduced in a plate, it is impossible to make broad, 
generalized conclusions that would apply to all possible combinations of size, 
shape, and location of opening wi thin the plate 0 It is therefore necessary 
to summarize an investigation of this type with statements 'Which apply only 
to a SI>ecifi c opening or groups of openings 0 
From ihis limited investigation of the effects of square and rectangular 
openings on the bending moments in square plates with all edges fixed, the 
following statements appear to be justified for square plates with fixed edges 0 
(1) The change in moments in a uniformly loaded plate "When an 
opening is inserted is caused largely by the loss of load "Within the opening 
area. This is true for all regions of the plate except those "Wi thin approxi-
mately Oolb of the edge of the opening; in these regions, the change in 
moments is caused largely by the opening itself 0 Figures 19 and 20 show 
typical examples illustrating this point. 
(2) In a uniformly loaded plate containing an opening, the addition 
of a line load at the perimeter of the opening can cause serious changes in 
the bending moments in the plate, P?Xticularly" if the total line load is 
equal to or greater than the total load removed by the opening 0 In the case 
'Where the total line load is the same as the load lost within the opening, 
the moments in the plate are usually slightly greater than those for the 
standard uniformly loaded solid plate except in the regions of the plate 
adjacent to the openingo In these regions, the moments are usually increased 
considerably (sometimes as much as 100 percent) above the values at the same 
point in the standard plate, and these large moments are usually confined 
to a distance 'Wi thin 00 2b from the edge of the opening 0 Figures 21 through 
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25 illustrate this point for the case ~ere the total line load was equal to 
the total load removed by the opening. 
(3) If the bending moments for a plate containing an opening are 
available for Poissonis ratio equal to zero) then the moments in the same 
plate for any other value of PoissonEs ratio may be obtained, ~thout serious 
error} by use of the expressions which apply to solid plates} except for the 
regions of the plate 'Which are 'Within a distance of Oo2b of the edge of the 
opening~ 
(4) The sharpness of the re-entrant corners of a square or rectangular 
opening ~ll have very little effect on the bending moments.of the plate except 
in localized regions at the corners of the opening. Figure 28 shows that the 
area of serious influence due to the sharpness of the corner is 'Within a 
radius of O .. 05b of the corner. Figure 28 also shows t...~e approximate magnitude 
of the peak moment at the corner "When the re-entrant corner is very sharp as 
is the case with a difference network corresponding to h = b/80 0 The inaccuracy 
of this peak moment at the corner as reported in this figure is due} on one 
hand, to the inherent error involved in the use of finite difference equations 
in regions 'Where sharp peak moments occur, and} on the other hand, to the 
questionable validity of the assumptions of the ordinary theory of flexure 
of plates in the region at a sharp re-entrant corner. 
(5) The effects on the moments in a uniformly loaded plate due to 
an opening for which the largest dimension is Oo2b or less will usually be 
restricted to the region of the plate within a distance of not more than Oolb 
of the edge of the opening. The moments within this region are usually 
slightly higher than the corresponding moments in a uniformly loaded solid 
plate 0 Elsewhere in the plate the moments may be considered to be the same 
as the moments in a uniformly loaded solid plateo 
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(6) The effects on the moments in a uniformly loaded plate due to a 
large square opening located in one .comer of the plate (see Plates 84 and 
85 in Figo 8) will usually be restricted to the region of the plate within 
0 .. 2b of the edge of the openingo _ Elsewhere in the plate the moments may be 
considered to be the same as the moments in a uniformly loaded solid plate. 
Figures 31 and 32 show the magnitude and nature of the changes in bending 
moments around this type of openingo 
(7) Large square openings located approximately in the center of 
uniformly loaded plates will reduce the bending moments to a large extent 
tbroughout the plates 0 Figure 30 shows this reduction in moments at the 
fixed edge and at the center of the plate for square openings with dimensions 
ranging from Oo2b to Oo6bo 
(8) Large rectangular openings located in the central regions 
of plates (similar to those shown in Fig. 9) will reduce the negative 
moments across the fixed edges of the plates. Figure 29 shows the magnitude 
of this reduction for t~e five rectangular openings considered in this in-
vestigationo The positive moments in a plate containing a rectangular 
opening may be considerably different in the x and y directions. A comparison 
of Figs. 15 and 16 will show this difference for a plate containing a central 
rectangular opening of Oo2b in width and Oo6b in lengtho 
1. 
4. 
8. 
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APPENDlX A 
In this appendix, the numerical results are given for all of the 
plates considered in this investigationo The various types of openings 
considered are shown in Figs. 8, 9, and 10, and the types of loading are 
shown diagrammatically in Figso 11 and 12, and are discussed in Article 12 
of this report. 
The key for the location of the points listed in the following 
tables is shown in the diagram below 0 
y 
b 
//////-~ ;t////////// 
/ 
+-
b 
~ + / 
~I 
In the following tables, M and M are moments per unit. width in 
x y 
the directions x and y, respectively; and, unless otherwise noted, the 
moments are negativeo 
103 
PLATE: Standard 
POISSON'S RATIO: 0.0 
2 .... 4 
Moments are in terms of qb x 10 
x 
2Gb 
4 6 8 0 1 2 3 5 7 9 10 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 509 499 476 438 385 ;20 244 163 85 24 0 
+8 +8 +8 +7 +6 +5 +3 2 9 18 
9 314 309 294 268 234 193 146 98 54 18 
+26 +26 +25 +23 +20 +15 +1 6 26 
8 168 165 156 141 122 99 74 49 26 
+50 +50 +48 +44. +38 +27 +11 13 
,7 59 51 54 47 40 31 22 13 
+77 +76 +73 +61 +56 +40 +15 
6 +22 +22 +21 +21 +19 +17 +15 
+104 +102 +98 +89 +74 +51 
5 +19 +78 +75 +69 +61 +51 
+128 +126 +120 +108 +89 
4 +120 +118 +112 +102 +89 
+149 +146 +139 +125 
3 
·+147 +146 +137 +125 
+164 +161 +153 . 
2 +164 +161 +153 
+174 +111 
1 +174 +171 
+177 
0 +177 
104 
PLATE: 81... OU 
POISSON'S RATIO: 0 .. 0 
2 -4 Moments are in terms· of qb x 10 
x 
20b 
4 5 6 1 8 9 10 0 1 2 3 
y 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 479 472 451 415 367 306 234 157 83 24 0 
~~ +7 +7 +7 +6 +5 +3 1 8 18 
9 298 294 278 254 222 183 139 94 51 18 
+24 +24 +23 +22 +19 +15 +7- 5 24 
8 160 157 149 134 115 93 70 ~ 24 
+47 +46 +45 +42 +36 +26 +11 12 
1 60 59 54 47 39 29 20 12 
+72 +12 +69 +63 +53 +31 +14 
6 +10 +11 +12 +14 +16 +16 +14 
+99 +98 +95 +84 +6<J +47 ~ 
5 +54 +54 +55 +56 +54- +47 
+126 +125 +120 +101 +80 .J 
4-
+73 +75 +81 +85 +80 
+157 +157 +142 +110 
3 +61 +61 +98 +110 
+201 +21; +146 
2 0 0 +146 
1 
0 
105 
PLATE: 81 .... au 
POISSON'S RATIO: 0.0 
2 ... 4 
Moments are in terms· of qb x 10 
x 
25b 4 6 8 0 1 2 :; 5 7 9 10 
.L 
20b 
0 0 0 0' 0 0 0 0 0 0 0 
10 I 461 455 435 403 357 299 2;1 156 82 24 0 
+6 +6 +6 +6 +6 +5 +; 1 7 17 
9 281 277 264 242 212 175 1,4 91 50 17 
+22 +22 +22 +21 +19 +15 +8 4 23 
8 144 142 134- 122 106 86 64 42 23 
+42 +42 +41 +~ +35 +27 +13 9 
7 42 41 ;8 ;4 28 22 15 9 
+64 +64 +63 +59 +53 +39 +18 
6 
+32 +;2 +30 +28 +25 +22 +18 
+85 +85 +83 +79 +69 +51 
5 +84 . +82 +TI +11 +62 +51 
+103 +10; +102 +97 +84 
4-
+117 +114 +107 +97 +84 
+1.16 +117 +117 +112 
3 +134 +131 +123, +112 
+124 +125 +128 
2 
+135 +134 +128 
+128 +129 
1 
+131 +129 
+129 
0 
+129 
106 
PLATE: 81... OL 
POISSON'S RATIO: 0 .. 0 
2 -4 Moments are in terms.of qb x'10 
x 
rob 
1 4 5 6 7 8 9 10 0 2 :; 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 527 520 495 454 397 328 249 165 85 24 0 
+8 +8 +8 +8 +1 +5 +2 2 9 19 
9 334 ,28 311 284 246 201 153 102 56 19 
+'28 +28· +ZT +25 +21 +15 +6 8 28 
8 188 18:; 174 156 135 109 81 53 28 
+56 +55 +52 +47 +38 +26 +8 17 
7 81 79 73 64 52 39 28 17 
+87 +86 +81 +71 +57 +37 +10 
6 5 4 1 +4- +8 +10 +10 
+121 +119 +112 +95 +73 +46 
5 +44 +45 ~ +52 +51 +lt6 ~ 
+156 +1:54 +143 +115 +85 
4- +69 +71 +8l. +88 +85 
+196 +194 +171 +122 
3 +61 +69 +105 +122 
+250 +265 +118 
2 0 0 +178 
1 
0 
PLATE: 81 ... 8L 
POISSON'S RATIO: 0.0 
2 ... 4 Moments are in terms, of qb x 10 
x 
20b 0, 1 2 :; 
...L 
20b 
0 0 0 0 
10 
,505 497 475 437 
+7 +7 +7 +7 
9 313 308 292 267 
+25 +25 +24 +23 
8 167 164 14l 155 
+49 +49 +47 +44 
7 
5f'( 56 53. 47 
+76 +75 +72 +66 6 
+23 +23 +22 +2l 
+102 +101 +97 ~9 
5 
+82 +80 +76 ..69 
+125 +124 +119 +108 
4-
+123 +120 +113 +10:; 
+143 +142 +139 +125 
:; 
+1.51 +148 +1;8 +125 
+154 +155 +155 . 
2 
+169 +165 +155 
+159 +191 
1 
+162 +161 
+161 
0 
+161 
101 
4 5 6 7 8 9 10 
0 0 0 0 0 0 0 
,85 320 24.4- 16; 85 24 0 
+6 +5 +; 1 9 18 
233 192 145 98 54 18 . 
+20 +15 +7 6 26 
121 98 74 49 26 
+38 +27 +11 13 
39 30 22 13 
+56 +40 +15 
+20 +18 +15 
+74 +51 
-+62 +51 
+90 
+90 
I 
108 
PLATE: Sl .. OU 
2 -4 Moments are in terms·of qb x 10 
x 
25b 4 6 8 0 1 2 :; 5 7 9 10 
..L 
20b 
1.48 146 139 128 III 93 71 47 25 7 0 
10 ~94 487 464 426 374 311 .233 158 82 23 0 
85 84 79 72 62 52 40 30 24 23 
9 309 ,03 287 262 228 187 142 96 25 23 
26 11 23 20 17 15 16 21 33 
8 166 16.2 152 137 117 94 71 ;0 33 
+28 +29 +Z7 +26 +22 +15 +2 18 
7 59 58 52 
"" 
35 27 21 18 
+78 +79 +74 +66 +55 +39 +14 
6 +16 +17 +20 +23 +24 +22 +14-
+122 +121 +113 +99 +81 +56 
5 +64 +66 +69 +72 ,+67 +56 
+162 +160 +148 +125 +99 
4 +84 +89 +101 +106 +99 
+202 +201 +176 +137 
3 
...69 +79 +125 +137 
+271 +291 +185 
2 0 0 +185 
1 
0 
. 
109 
PLATE: 82 ... OU 
POISSON'~ RATIO: 0.0 
2 ... 4 Moments are in terms· of qb x 10 
x 
20b 4 6 8 0 1 , 2 :; 5 1 9 10 
...L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 361 :;57 :;46 326 296 253 200 139 76 23 0 
':+3 +4 +4 +5 +6 +5 +4 +1 5 14 
9 217 215 206 192 171 ~ l_.B llO 75 42 14 
+12 +13 +15 '+17 +18 +16 +10 0 17 8 104 95 83 67 49 III 109 ;2 17 
+25 +26 +29 +33 +34 +28 +16 3 
7 31 :;6 :;4 29 23 15 8 3 
+39 +4-l. +45 +50 +52 +39 +20 6 
+6 +7 +10 +14 +19 +20 +5 
+55 +56 +62 +70 +71 +45 
5 +18 +18 +20 +24- +39 +45 
+71 +73 +81 +100 +82 
4- 0 0 0 0 +82 
3 
. 2 
1 
0 
PLATE: S2 ... au 
POISSON'S RATIO: 0.0 
2 ... 4 Moments are in terms· of qb x 10 
J> 
25b 
0 1 2 3 
..L 
20b 
0 0 0 0 
10 329 318 '32 300 
+, +4 +At. +4 
9 189 186 179 167 
+12 +12 +13 +14-
8 80 76 69 79 
+22 +2' *24 +26 
7 , , 2 l. 
+', +~ +36 +39 
6 
+1«3 +47 +46 +42 
+4' +44 +46 +50 
5 +75 +14 +71 +65 
+51 +52 +54 +58 
4-
+78 +17 +74- +69 
+57 +58 +60 +04 
:5 
+72 +71 +68 +64 
+6l +62 +64 
2 
+68 +67 +64 
+64 +64 
1 
+65 +64-
+64 
0 +64 
4 5 6 
0 0 0 
27' 235 l88 
+5 +5 +4 
1149 126 99 
+15 +l5 +ll 
61 ;0 38 
+28 +26 +18 
0 +1 +2 
+40 
.'7 +25 
+38 +32 +25 
+52 +~ 
+51 +qa 
+62 
+62 
7 
() 
1', 
+1 
Ql 
+, 
25 
., 
+; 
I 
lIx 
M 
Y 
8 
0 
7.4-
4 
:sa 
13 
l' 
llO 
9 10 
0 0 
24 0 
1} 
13 
111 
PLATE: S2.. OL 
POISSON'S RATIO: 0 .. 0 
2 ... 4 Moments are 1n terms·of qb x 10 
x 
20b 
'4 6 8 0 1 2 :5 5 1 9 10 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 ~72 5Yl 530 509· 41.8 ~ 264 174 89 24 0 
+7 +7 +8 +9 +8 +7 +3 +2 10 20 
9 
,48 343 328 301 264 'al .. :1S~ l.O9 59 20 
"-
+a8" 
8 
+24- +25 +27 +21 +19 +7 9 }1 
206 202 193 176 152 122 90 59 31 
+47 +~ +52 +55 +51 +34 +10 20 
1 103 101 96 86 72 5:5 ~ 20 
+75 +77 +8l 486 +81 +148 +10 6 
;6 35 31 25 14 +2 +10 
+105 +107 +ll3 +l22 +115 +54 
5 1 0 +3 +ll +!B +54-
+136 +139 +150 +117 +l4o . 4-
+140 ~ 0 0 0 0 
3 
2 
I 
1 
0 
PLATE: 82... SL 
POISSON'S RATIO: 0.0 
2 -4 Moments are in terms· of qb x 10 
x 
20b 
0 1 2 :; 
-L. 
20b 
I 0 0 0 0 10 ~4 477 458 424 
+6 +7 +7 +1 
9 296 29J. 278 '256 
+22 +22 +2' +23 8 147 141, 129 150 
+42 +42 +43 +4, 
7 40 39 38 '5 
+6, +64 +65 +65 
L: 
0 
+4.3 +42 +39 +34 
+82 -+8, +85 -W36 
5 
+103 +101 +95 +85 
+97 +98 +100 +104-
4 
+145 +143 +1:56 +123 
-
I +101 1 +108 1 +lll I +ll~ I 
- +132 +130 +125 +110 
+114- +115 +llB 
2 
+124 +123 +llB 
+1l8 +1l9 
1 
+120 +119 
+ll9 
0 
+119 
4 5 6 
0 0 0 
377 :515 243 
+7 +6 +; 
225 186 142 
+21 +17 +9 
U2 92 69 
+lJO +31 +14 
30 24- 17 
+60 +45 +20 
+29 +25 +20 
+82 +59 
+71 +59 
+104-
+104 
ll2 
7 8 9 10 
0 0 0 0 
16; 86 25 e 
0 8 18 
96 53 18 
5 25 
46 25 
10 
10 
Metz Reference Room 
Civil Engineering Department~ 
~l06 ?E. Building 
Unlverslty of Illinois 
Urbana, Illinn"i ~ kl0/\'1 
ll3 
PLATE: S3 .... OU 
POISSON'S RATIO: 0.0 
2 .... 4 Moments are in terms, of qb x 10 
x 
20b 
4 5 6 8 0 1 2 :; 7 9 10 
..L. 
20b 
0 0 0 0 0 0 0 0 0 0 0 10 
181 186 115 137 63 1.84 180 159 104 23 0 
+1 +1 +1 +2 ., +4 +6 +4 0 9 9 98 97 95 91 8S 75 62 "- 25 9 
+, +, +4 +6 +9 +13 +1; +9 , 8 38 ,., 35 32 as 2; 17 9 3 
+6 +6 +8 +11. +16 +22 +26 +12 
7 5 5 1;. 2 0 +; +9 +12 
6 +10 +11 +1' +17 +23 +35 +}4 
0 0 o. 0 0 o , +34 
5 
4-
3 
2 
1 
0 
PLATE: S, .... su 
POISSON"S RATIO: 0.0 
2 -4 Moments are in terms·of qb x 10 
x 
20b 
0 1 2 :5 4 5 6 7 8 9 10 
..:z... 20b 
0 0 0 0 0 0 0 0 0 0 0 
10 169 16, 142 94 58 172 111 155 1.22 22 0 
+1 +1 +1 +2 +. +; +14- +4 0' 7 
9 eo 80 18 7~ 69 60 49 36' 2l 7 
+; +, +4 +5 +7 +9 +11 +9 0 8 11 16 15 l' 11 8 5 , 0 
+6 +7 +8 +9 +12 +15 +18 +1' 7 
+20 +20 +21 +21 +2l +20 +U1: +1' 
+10 +10 +11 +1.3 +16 +19 +2' 6 
+Sl +29 +26 +26 +31 +30 +2' 
+1} +1' +14 +16 +19 +22 5 
+28 +28 +28 +26 +25 +22 
+16 +10 +17 +19 +22 
4 
+26 +26 +24 +2' +22 
+18 +18 +1' +21 
. 
, 
+24 +24 +2, +21 
+20 +20 +2l 
2 
+22 +22 +21. 
+2l +21 
1 
+2l +21 
+21 
0 
+21 
115 
PLATE: S3 - OL 
POISSON'S RATIO: 0.0 
2 -4 Moments are in terms· of qb x 10 
x 
20b 4 0 1 2 3 5 6 7 8 9 10 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 
445 442 4" 417 390 346 282 196 105 
" 
0 
+, +:5 +11- +5 is +11 +11 +, 9 22
9 282 260 272 258 236 206 165 u4 64 22 
+11 +11 +14 +18 +25 +~ +31 +5 27 8 155 15' lltS l,a 124- 107 83 52 27 
+22 +24 +28 +'5 +~ +59 +59 +2 
7 62 61 58 53 45 37 16 +2 
+36 +!8 +44 +54 +69 +91 +86 6 
-+86 0 0 0 0 0 0 
5 
4 
3 
2 
1 
0 
PLATE: 53 - SL 
POISSON'S RATIO: 0.0 
2 -4 Moments are in terms· of qb x 10 
x 
20b 
0 1 2 :; 
..L 
20b 
0 0 0 0 
10 361 399 395 ;85 
+3 +, +4 +5 
9 226 224 217 204 
+ll +12 +14 +17 
8 89 88 85 79 
+22 +23 +20 +~ 
1 
+17 +17 +17 +17 
+;2 +34 +37 +42 
6 
+95 +94 +93 +89 
+42 +4; +46 +52 
5 
+86 485 483 +19 
4 
+50 +51 +54- +59 
+79 +78 +75 +71 
+57 +57 +60 +65 
3 
+73 +72 +69 +65 
+61 +62 +65 
2 
+68 +67 +65 
+64 +65 
1 
+66 +65 
+65 
0 
+65 
ll6 
4 5 6 7 8 9 10 
0 0 0 0 0 0 0 
"1 295 2'7 166 91 28 0 
+1 +8 +7 +2 6 18 
185 160 127 89 50 18 
+20 +22 +19 +5 18 
71 61 49. '3 18 
+35 +39 +'5 +6 
+16 +12 +7 +6 
+49 +55 +55 
+83 +72 +55 
-+f58 +64 
+72 +64 
+65 
+65 
117 
PLATE: 84 ... OU 
PJISSON'S RAT:::'): 0.0 
. f' 2 .,,,-4 iv10ments are In terms 0 .... qb x ,Lv M x I 
" ~ ,', y 
I 
I x ! 20b 
-10 -8, -6 , -4 -2 0 2 L. 6 8 10 
...L 
20b 
0 0 0 0 0 I 0 0 
I 
0 I 
I 524 I 10 0 94 245 383 479 519 I 474 I 
94 28 +6 +21 +25 +24 I +19 0 I 8 0 28, 75 123 I 15J~.lI-i~J5 157 
245 75 I +12 +53 I +68 I +69 I +5~h 6 0 +8 +16 ~28 I +~5 I +4,9 +93 
+16 +85 +114 1+121 1+121 1+153 380 I 122 
4 0 +23 1 ' iii +61 ! +9~ j+127 ;+146-f158 +153 
467 154 +19 :+108 1+150 1+166 1+169 
c 0 +29 +79 I I I j+l29 r166 r181 ,+169 
496 165 1+20 1+118 +165 4-184 
0 0 +30 +83 1+135 1+172 ~184 
465 i 153 +21 1+112 1+156 I 
-2 o I +28 +77 f+124 1+156 
377 I 120 +20 +91 1 
-4 o I +22 +58 +91 
243 73 +15 I I I -?. , 
-v 0 +7 +15 
94 27 
-8 0 27 
0 
-10 0 
PLATE: 84 ... OL 
POISSON!S RATIO: 0.0 
2 -4 Moments are in terms of qb x 10 
x 
20b 
-8 -6 -10 -4 
...L 
20b 
'0 0 0 0 
10 0 96' 253 403 
96 30 +3 +16 
8 0 ,0 81 133 
252 82 +5 +43 
6 0 +8 +26 +17 
392 131 +7 +74 
4 0 +25 -+-66 +109 
481 165 +9 +100 
2 0 +31 +84 +139 
510 175 +13 +113 
0 0 +31 +86 +142 
476 160 +16 +110 
-2 0 +28 +78 +126 
384 125 +16 +90 
-4 0 +22 +58 +90 
246 76 +13 
-6 0 +7 +13 
94 28 
-8 
'0 28 
0 
-10 0' 
-2 0 
0 0 
520 603 
+17 +10 
174 196 
+54 +49 
+38 +60 
+100 +109 
+147 +182 
+143 +167 
+182 +202 
+164 +191 
+180 +191 
+157 
+157 
2 
0 
663 
0 
189 
+36 
+102 
+124 
+214 
+189 
+189 
4 
a 
723 
0 
147 
0 
+197 
+223 
+223 
1'-1 
x 
M y 
6 
118 
8 10 
PLATE: 85'" ou 
POISSON'S RATIO: 0.0 
Moments are in terms of qb 2 x 10-4 
x 
20b 
-8 -6 -10 -4 
...L. 20b 
0 0 0 0 
10 0 91 238 379 
91 28 +3 +10 
8 0 27 75 125 
238 75 +4 +32 
6 0 +7 +14 +21 
370 123 +4 +56 
4 0 +22 +60 +98 
458 155 +6 I +78 I 
c:_ 0 +28 +79 +133 
488 166 +10 +97 
0 0 +30 +84 +139 
458 152 +15 +102 
-2 0 +28 +76 +122 
371 119 +17 +87 
-4 0 +22 +57 +87 
240 72 +15 
-6 0 +7 .J..1C; ...... / 
92 27 
-8 0 27 
0 
-10 0 
-2 0 
0 0 
497 607 
+4 0 
164 185 
+26 0 
+30 +43 
+53 0 
+134 +174 
+83 0 
+184 +257 
+135 -+181 
+180 I !+181 
+147 
:+147 
2 4 
I 
M 
x 
M y 
6 
119 
8 10 
PLATE: 85 - OL 
POISSON'S RATIO: 0.0 
M t · b 2 - 4 , omen s are In terms of q x 10 
x 
~?Ob 
-8 .-6 -10 -4 
-2 0 
~ 
20b 
0 0 0 0 0 0 
10 0 III 336 614 949 :1374 , 
III 56 26 28 44 I a 
8 0 49 132 223 294 I 312 
322 146 61 36 37 i 0 
6 I 
+18 +44 
, 
0 +5 +93 :+167 
521 229 82 22 4to 4 0 +36 +104 +191 1+294 1+415 
647 279 86 +7 I +45 I 0 
2 
o I +48 +139 1+25°1+374 1+553 
677 I 286 70 +51 1+150 :+357 
0 I 0 I +47 +136 +236 '+327 :+357 
613 252 43 +85 +195 
-2 0 +37 +104 +166 +195 
473 188 20 +85 I 
-4 i 0 +23 +58 +85 I 
288 III 5 
-6 0 0 5 
102 41 
-8 0 41 
0 
-10 0 
2 4 
I 
I 
I 
M 
x 
M y 
6 
120 
8 10 
P0ISSON! S RATIO: 0.3 
~.f, t . t . f b:2 '., n - 4 : lomen s are In erms 0 q x . .!..\.., 
x 
20b 
-8 ,- I -10 -0 I -4 -2 0 
~ , 
20b 
0 28 73 119 162 ! 200 
1(: 0 91 244 397 539 I 666 : 
91 38 24 33 45 
I 2: 8 27 38 78 129 174 
--. 
241 79 0 I +26 I +21 0 6 73 17 +14 I +30 +38 +51 
376 123 I +11 +67 +64 0 4 113 I 15 +61 +118 +161 +220 
464 I 155 +18 +98 ,+103 I 0 
~~ i 139 I 19 +81 i+160 1+224 1+325 I 
493 I 164 +26 +l25 l+l72 1+223 
0 148 I 21 +85 +167 :+218 ,+223 
46l j l49 +32 +131~184 ! 
-2 138 19 +79 1+149 +184 37~ ll5 +31 1+109 
-4 I 112 14 +60 i+109 
239 71 +17 I 
-6 72 15 +17 I I 
92 35 
-3 28 35 
0 
-10 0 
2 
I 
I I 
i 
I 
, 
4 
I 
I 
I 
I 
I 
M 
x 
>1 y 
6 
121 
I 
8 10 
I 
I , 
I 
/ 
I 
I 
il 
i 
122 
PLATE: R2.... au 
POISSON'S RATIO: 0.0 
2 -4 Moments are in terms, of qb x 10 
x 
20b 
:; 4 5 6 7 8 9 10 0 1. 2 
...L. 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 440 434 416 I ;85 342 al57 222 151 ao 23 0 
+6 +6 +6 +6 +6 " +5 +3 1 7 17 23 . 
9 271 267 254 234 205 170 130 88 48 17 0 
+20 +21 +21 +20 +19 +15 +8' 4 22 48 80 
8 145 142 135 122 105 86 64 42 22 7 0 
+40 +.40 +40 +38 +35 +'Z7 +13 9 41 88 151 
7 54 52 49 ~ 35 27 18 10 4 1 0 
I +62 I +62 I +61 I +58 I +52 I +39 +17 I' 16 I 63 /130 1 223 6 +7 +8 +12 +7 +9 +10 +11 +13 +10 +3 0 
+85 +85 +83 +78 +69 49 +19 24 85 171 290 
5 +42 +42 +42 +42 +41 +39 +33 +24 .. +14- +5 0 
+108 +107 +104 +97 +84 +56 +19 33 107 208 347 
4-
+53 +53 +54 +56 +58 +56 147 +34 +18 +6 0 
, "71"'1 . .,~., . ..,~ • ." '7 .n!:' .r;:C" • ., ;l \.1 • "I"\c:," 1"'170 ';rA';!, 
:; t-r-.J.../c.. I?.J..;J,J. ,T,J.GU I ..... ..,L.J..' ,."r;,.:; ,?';)U 1"f".J.;J I ........ 1..Lc..-;J I c..");J I ;'):7;,) I .~Q .hD +~ +~ .74 .74 .~Q +40 .?1 .7 0 . .., ... .. - .. -
. " - .. . • I . . ,.,. .- .- • t 
-
+157 +156.: +154 . +152 +82 +40 +4 54 140 261 425 
: 2 0 0 0 0 +131 +101 +70 +41+ +22 +7 0 
0 +24 1 59 148 275 444 
1 
+141 +97 +68 +43 +22 +6 0 
0 +22 2 60 151 279 450 
0 
+119 +90 +65 +42 +21 +6 0 
12; 
PLATE: 112.... au 
POISSONv9 RATIO: 0.0 
2 ... 4 Moments are in terms, of qb x 10 
x 
20b 4 5 6 7 8 9 10 0 1 2 3 
..L. 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 421 416 399 370 3;0 278 217 148 80 24 0 
+6 +6 +6 -+6 +6 '+5 +3 0 6 16 24 
9 252 248 237 218 192 159 122 83 46 16 0 
+19 +19 +19 +19 +18 +15 +9 2 20 146 SO 8 123 121 ll4 104- 90 74 55 36 19 6 0 
+36 +;6 +36 +35 +33 +26 +15 5 37 8; 148 
7 2B 'Z7 25 22 18 13 9 4 1 0 0 
+55 +55 +55 +53 +48 +'9 +20 10 56 121 216 6 +40 +l4o +,8 +36 +32 +28 +22 +16 +10 +4 0 
+73 +73 +72 +69 +62 +49 +24 15 74 158 277 
5 +85 +84 +80 +73 +64 +53 +41 +28 +16 +5 0-
, +88 +88 +87 +8; +75 +58 +28 20 90 190 327 
4 
+110 +109 +103 +94 +82 +67 +51 .... ,4 +18 +6 0 
+100 +100 +98 +93 +85 +66 +31 23 103 21.5 ;64 
3 +119 +117 +lll +101 +88 +71 +54 +36 +19 +6 0 
+108 +107 +105 +100 +93 +73 +35 26 113 232 391 
2 
+lll +109 +104 +96 +85 +70 +53 +35 +18 +6 0 
+112 +lll +109 +l.Ol+. +97 +78 +;7 27 ll8 243 406 
1 
+99 +98 +94 +87 +77 +65 +50 +33 +17 +5 0 
+1l4 +113 +110 +105 +98 +79 +38 27 120 246 411 
0 
+96 +94 +90 ~ +75 +63 +49 +'3' +17 +5 0 
POISSON8S RATIO: 0 .. 0 
2 -4 Moments are in terms· of qb x 10 
x 
20b 
4 0 1 2 :; 
..L 
20b 
0 0 0 0 0 
10 524 516 492 453 400 
+8 +8 +8 +8 +7 
9 336 330 314 287 250 
+27 +27 +26 +25 +22 
8 194 192 181 164 141 
+53 +53 +52 +48 +42 
7 9B 91 85 76 64 
+83 +82 +80 +74 +63 
6 23 22 19 15 10 
+115 +114 +110 +101 +85 
5 +20 +21 +23 +25 +27 
+149 +147 +140 +128 +107 
4 +,8 +39 +42 +48 +55 
+184 +182 +174 +157 +124 
3 +32 +':; +38 +51 +88 
+220 +218 +213 +207 +105 
2 0 0 0 0 +190 
0 
1 
+211 
0 
0 +181 
5 6 7 
0 0 0 
330 250 16; 
+5 +; 2 
204 155 104 
+16 -+ 7 8 
ll5 86 57 
+29 +10 17 
50 35 22 
+43 +1} 28 
4 +1 +3 
+55 +13 42 
+29 +27 +21 
. ...63 +10 57 
+58 +50 +35 
+61 0 74 
+93 +74 +49 
+36 17 90 
+168 +99 +61 
+14 26 99 
+173 +102 +64 
+12 ZT 101 
+137 +100 +64 
~x 
M 
Y 
8 
0 
85 
9 
57 
29 
30 
55 
11 
84 
+3 
114 
+12. 
144-
+19 
170 
+26 
191 
+,1 
204 
+32 
209 
+33 
9 
0 
23 
19 
19 
57 
10 
105 
:; 
1)8 
+1 
210 
+4 
260 
+6 
301 
+8 
333 
+9 
353 
+9 
360 
+9 
10 
0 
0 
23 
0 
85 
0 
166 
0 
254 
0 
338 
0 
414 
0 
477 
0 
525 . 
0 
552 
0 
562 
0 
125 
PLATE: R2 GO SL 
POISSONtS RATIO: 0 .. 0 
2 ... 4 Moments are in terms· of qb x 10 
x 
20b 
4 6 8 0 1 2 ; 5 7 9 10 
...L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 
499 492 470 433. 382 318 243 163 85 24 0 
+7 +7 +7 +7 +7 +5 +.3 1 8 18 24-
9 309 'O~ 289 264 2'1 191 145 98 54 28 0 
+24 +24 . +24 +23 +20 +16 +7 6 26 54 85 8 
163 160 138 48 26 8 151 117 97 73 0 
+48 +1+B . \, +.46 +46 +3' +31 +12 12 48 98 163 
7 5~ 53 50 45 43 30 21 13 6 1 0 
+73 +73 +71 +66 +51 +41 +16 20 T; 145 244 6 
+26 +26 +18 +25 +~, +23 +15 +11 +7 +3 0 
+98 +97 +94 +88 +75 +5.1t +20 29 97 191 319 
5 
+8l+ +83 +78 +71 +62 +52 +1fO +27 +l.'5 ' .. 5 0 
+119 +118 +ll5 +107 +92 +65 +23 37 119 232 384 4 
+125 +123 +116 +107 +90 +1~ +56 +;8 +20 +6 0 
+1;6 +135 +134 +119 +lll +7.4 +25 4,' 138 266 436 
3 
+152 +149 +141 +122 +108 +B9 +66 +4ij. +2; +7 a 
+148 +146 +142 ' +1'5 +122 +82 +27 49 152 ' 291 473 
:2 
+167 +164 +156 +l45 +98 +47 +123 +72 +25 ' +7 0 
+154 +152 +148 +1160 +132 +88 +29 52 161 ;06 496 
1 
+149 +147 +141 +13l +117 +97 +73 ~ +25 +8 0 
+156 +15)- +149 +142 +135 +91 +30 52 164 311 .503 
0 
, +144 +142 +131 +128 +115 +97 -:h73 +48 +25 +8 0 
126 
PLATE: R2... OU 
POISSON'S R~IO: 0.3 
2 -4 Moments are in terms. of qb x 10 
x 
20b 0 4 6 8 1 2 :; 5 7 9 10 
J..... 
20b 
137 135 l29 ll9 106 88 68 45 24- 7 0 10 
458 452 432 398 '52 224 225 151 80 23 0 
79 78 74 67 59 118 ". ',21' 22 22 23 9 281 282 267 24; 21.4 116 134 91, 52 22 7 
8 26 25 
2, 19 i6 l3 14- 19 31 52 80 
l55 152 144 129 III 89 ~f1 4.7 31' 22 24 
+23 +23 +2' +23 +21 +15 +3 16 47 91 152 
7 59 58 53 45 37 28 2l 18: 19 .29 ' 45/ 
6 +66 +65 +64 +60 +52 +38 +15, 19 61 135 227 
+5 +6 +8 +12 +1.4- +14 +10 0 l5 ~ 68 
+10, +102 +98 +9l. +77 +72 +22 25 90 178 298 5 
+43 +4, +45 +47 +le8 +43 +~ +14- 16 49 90 
4 +134 +132 +121 +117 +91 ' +65 +22 '5 ll; 219 :559 
+55 +;6 +58 +6, +70 . +65 +46 +18 18 60 108 
+160 +156 +152 +1» +109 +65 +17 47 134 253 4ll 
3 
+leo +42 +40 +57 +92 +87 +60 +2, 20 69 123 
+199 +197 +194 +192 +91 +49 +6 58 151 .279 4118 . 
2 
+161 +24 154_ 0 0 0 0 +ll1 +7' 23 77 
0 +24 4 67 
\ 
162 295 470 
1 
+1" '!:~~ ("-:~T$. +27 25 8·2 1-41 
0 +19 7 70 166 300 478 
0 
+162 +ll5 +73 +20 26 83 144 
PLATE: R3 ... OU 
POISSON'S RATIO: 0.0 
2 ... 4 Moments are in terms, of qb x 10 
x 
20b 4 0 1 2 :; 
..L 
20b 
0 0 0 0 0 
10 
, M5 409 m. ;562 !Y22 
+6 +6 +6 +6 +5 9 ~3 249 239 217 190 
8 
+20 +20 +19 +18 +17 
1', l~ 12, III 95 
+39 +38 +37 +'5 +31 
'7 
148 47 44 31 29 
6 
+6l +60 +58 +54 +45 
~. .-+8 +9 +ll +1' 
+84 +82 +79 +11 +59 
5 
+38 +39 +,s +37 +'7 
+106 +104- +99 +88 +72 4 
+45 +45 +45 +44 +4' 
+l.28 +125 +119 +106 +84 
3 +;; +33 +32 +31 +32 
+149 +147 +lltO +126 +102 
2 
0 0 0 0 0 
., 
.L 
0 
5 6 7 
0 0 0 
210 210 14; 
+5 +3 0 
157 120 81 
+l5 +10 , 
77 57 31 
+24 +12 7 
22 14 8 
+34 +15 14 
+14- +1' +11 
+42 +17 2l 
+'5 +30 +22 
+47 +16 
" +43 +40 +:30 
+49 +9 42 
+39 +53 +39 
+59 25 59 
0 +101 +54 
0 5' 
+46 +;3 
0 48 
+15 +18 
M 
Y 
8 
0 
77 
6 
45 
19 
19 
'7 , 
57 
+7 
77 
+l.3 
97 
+l1 
115 
+21 
130 
+27 
l" 
+17 
1;; 
+11 
~21 
9 
0 
2' 
15 
15 
45 
6 
81 
0 
120 
+, 
liS 
+5 
191 
+f5 
219 
+7 
239 
+7 
249 
+5 
.2JI 
+3 
10 
0 
0 
23 
0 
TI 
0 
144 
0 
210 
0 
271 
0 
32' 
0 
;63 
0 
391 
0 
ijo4 
0 
~7 
0 
128 
PLATE: R;.... au 
POISSON'S RATIO: 0.0 
2 -4 Moments are in. terms· of qb x 10 
x 
25b 
0 1 2 ; 4 5 6 7 8 9 10 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 10 
395 390 374 348 311 26'5 206 142 78 ?h. 0 
+5 +5 +5 +5 +5 +5 +3 0 5 15 24-9 232 229 218 201 rn 141 11~ 77 4~ 111\ 0 
+18 
8 
+18 +18 +17 +16 +14 +9 1 17 43 78 
109 107 101 92 79 64 48 ~1 16 Ii 0 
+34- +:;4 +3:; +32 +30 +24- +14 4 :;3 71 141 7 18 ·18 16 13 9 6 2 0 +1 +1 Jl 
+52 +51 +50 +la8 +43 +34 +18 8 49 112 203 6 
+45 +44- +43 +41 +38 +3:; +~ +19 +12 +4 0 
+69 +68 +66 +62 +55 +43 +22 12 65 144 257 5 +84 +84 +80 +74 +67 +56 +411- +~ , +11 +6 0 
+8:; +8:; +80 +74- +65 ·+49 +24 17 79 170 299 4. 
+105 +104- +99 +92 +81 +67 +51 +34 +19 +6 0 
+95 +94 +90 +83 +71 +53 +25 20 90 190 328 :; +108 1+107 +102 +93 +82 +68 +50 +33 +18 +6 0 
+104 +102 +97 +89 +75 +', +26 22 97 204 :;47 . 2 
+96 +94 +89 +81 +70 +58 +44 +29 +15 +4 0 
+109 +107 +102 +92 +77 +55 +26 23 101 211 357 1 +81 +79 +74 +67 +57 +46 +34 +23 +12 +3 0 
+110 +109 +103 +93 +77 +55 +26 23 102 213 :;60 
0 +76 +74 +69 +62 +52 +42 +31 +21 +11 +3 0 
129 
PLATE: R3 - Ot 
POISSON'S RATIO: 0.0 
2 ... 4 Moments are in terms of qb x 10 
x 
25b 2 :; 4 5 6 7 8 9 10 0 1 
..L. 
20b 
0 0 0 0 0 0 0 0 0 0 0 10 
519 511 1187 447 ~~ 7524 246 16~ 84 ~~ 0 
+8 +8 +8 +7 ... , +5 +, e 9 19 23 9 
334 329 312 28r; 247 20~ 115'2J 10~ c;6 1Q 0 
8 +21 +27 +26 +24 +21 +15 +6 8 29 56 84 
197 193 183 165 143 116 87 r;r ~1 10 0 
+54 +5; +51 +47 +39 +28 +10 16 54 104 164 
7 99 91 91 81 68 54 39 25 13 4 0 
+85 +84 +SO +72 +59 +41 +14 26 82 157 252 6 3; ;2 29 24 18 12 1 3 0 0 0 
+118 +116 +110 +98 +80 '+53 +16 ;8 11; 211 339 5 
+7 -+7 . +8 +10 +1; +15 +15 +12 +8 +3 0 
+152 +149 +141 +125 +99 .+62 +17 52 14; 263 421 4-
+24 +24 +24 +25 +28 +32 +33 +28 +16 +5 0 
+186 +18, +112 +15; +121 +69 +11 71 114 ;10 492 
:; 
+21 +21 +21 +21 +25 +39 +65 +51 +28 +9 0 
+219 +216 +205 , +185 +151 +88 :;6 100 201, 346 545 I'l 
c;. 
0 0 0 0 0 0 +175 +90 +41 +12 0 
0 92 209 ;65 574 1 
+97 +66 +34 +10 0 
0 85 208 371 582 0 
+51 +46 +27 +8 0 
PLATE:· R.3 - SL 
POISSON'S RATIO: 0.0 
2 .... 4 
Moments are in terms· of qb x 10 
x 
20b 
0 1 2 
.3 
...L.. 
20b 
0 0 0 0 10 
_~'21 484 462,. 427 
+1 +7 +7 +7 
9 
303 298 283 260 
+24- +24 +24- +22 8 
150 148 134 159 
+47 +46 +45 +42 
7 
21 50 46 41 
6 +71 +71 +68 +64 
+29 +28 +~ .. +26 
+95 +94 +91 +84 
5 
+85 +84 +80 +13_ 
+117 +115 +lll +103 4 
+116 +106 +125 +122 
+134- +132 +121 +117 
3 
:+-149 +147 +140 +128 
+147 +145 +138 +126 
2 
+162 +160 +152 +140 
+154 +152 +1"- +131 
1 
+140 +138 +131 +119 
+156 +154 +146 +133 
0 
+133 +1;1 +124 +112 
4 
0 
3rI 
+6 
22L 
+20 
116 
+37 
~ 
+56 
+23 
+7; 
+64 
+88 
+92 
+100 
+lll 
+108 
+123 
+111 
+104 
+112 
+98 
5 6 7 8 9 10 
" 
0 0 0 0 0 0 
~15 241 ~ 85 2Ja. _n 
+5 +; 1 8 18 24 
188 143 _9'1_ ii'S 18 n 
+16 +8 5 25 53 85 
95 71 Jrr 2'5 a _0 
+28 +13 11 47 97 162 
2B 20 12 6 1 n 
+41 +18 18 70 14; 242 
+20 +16 ±~ +7 +~ n 
+54 +22 25 94 189 317 
+53 +40 +'Z1 +115 +'5 11 
. +65 +'Z7 32 115 229 381 
+75 +56 +37 +20 +6 0 
+74 +32 37 1;3 262 433 
+90 +66 +44- +23 +7 0 
+80 +39 41 146 286 470 
+102 +76 +~ +25 +1 0 
+82 +44- 41 153 300 . 491 
+86 +68 +46 +24 +1 0 
+82 +45 41 155 305 498 
+82 +65 +44 +23 +i 0 
PLATE: Rla... au 
POISSOK'S RATIO: 0.0 
2 ..,.4 Moments are in te:rma, ot qb - x 10 
X'· 
20b 
0 1 2 , 
• 0 0 0 0 10 
4111- 1108 390 -~ 
+6 +6 +6 +6 
9 253 .~ 249 236 216 
+21 +20 +20 +19 
8 1,la. 131 12, III 
+40 +40 +38 +35 7 -~ 118 411- ~ 
6 +62 +61 
. +59 +5"'-
+5 +6 +7 +0 
+86 +84 +80 +73 5 
+35 +35 +34 +33 
+108 +107 +102 +91 4 
+43 +43 +41 +39 
+129 +128 +122 +110 , 
+,1 +31 +29 +27 
+151 +148 +141 . +121 
2 0 0 0 0 
1 
0 
4 5 
0 0 
~1B 266 
+5 +4 
188 155 
+16 +1; 
95 76 
+30 +22 
':50 21 
+45 +31 
+11 +1~ 
+60 +40 
+32 +30 
+75 +.48 
+36 +33 
+90 +57 
+25 +22 
+105 +69 
0 0 
131 
6 7 .8 9 10 
0 0 0 0 0 
M"i 1ho 71:\ ~~ n 
+3 1 6 .15 23 
uB 79 4~ 15 0 
+6 4- 20 43 15 
55 35 . 18 6 0 
+9 '9 38 79 139 
1~ 6 , '0 n 
+11 18 ' 58 116 202 
+1h. .l~ , -f..Q .h. 0 
+10 . ;0 81 151 257 
+~ +~' -&-16 ~ 0 
+8 46 105 18~ 302 
+~9 .,.~l .~, ... 7 0 
+6 10 136 206 331 
'+23 +30 +36 +11 0 
+11 96 197 215 339 
0 0 +89 +17 0 
0 -169 ~ 
37 4- 0 
0 152 293 
22, 19 ,0 
132 
PLATE: R4 OlD au 
POISSON'S'RATIO: 0.0 
2 .... 4 Moments are in terms, of qb x 10 
x 
20b 
0 1 2 :; 4 5 6 7 8 9 10 
...L 
20b 
0 0 0 0 0 0 0 0 0 0 0 10 
383 378 363 337 301 138 76 24 0 255_ 200 
+5 '+5 +5 +5 +5 +4 +3 0 5 14 23 
9 223 220 210 193 169 141 loB J/4 41 14 0 
+17 +17 +17 +17 +15 +1; +8' 1 16 41 76 8 
95 85 43 2B 15_ 4 103 101 73, 59 0 
+33 +33 +32 +31 +28 +22 +13 4 31 73 136 
7 14- 14 12 9 ' 5 1 +1 +3 ' +2, +1 0 
+51 +50 +50 +46 +40 +31 +16 8 47 106 195 6 
+46 +46 +45 +44 +41 +;6 +30 +22 +14 +5 0 
+68 +67 +64 +60 +51 +;8 +18 14- 62 1:;4 243 
5 +84- +83 +80 I +75 +68 +59 +47 +33 +19 +7 0 
+82 +81 +78 +71 +60 +43 +18 20 76 158 ~8 4 
+102 +1d1: +97 +90 +80 +68 +53 +37 +21 +1 0 
+95 +93 +88 +80 +66 +46 +16 27 87 174 299 
:; 
+104 +102 +97 +89 +78 +65 +50 +34 +19 +6 0 
+10:; +101 +96 +86 +70 +47 +13 :;3 95 184 :;08 , 
2 
+89 +87 +82 +74 +63 +50 +37 +24 +13 +4 0 
+109 +106 +101 +90 +72 +47 +11 ;8 100 188 309 1 
+73 +71 +66 +57 +47 +!6 +2~ +12 +5 +1 0 
+110 +108 +102 +91 +7' +47 +10 39 102 190 309 0 
+67 +65 +60 +52 +41 +30 +18 +9 +2 0 0 
133 
PLATE: R4 .... OL 
POISSON'S RATIO: 0.0 
2 ",,4 
Moments are in terms· of qb x 10 
x 
20b 
1 2 :; 4 5 6 7 8 9 10 0 
...L . 
20b 
0 0 0 0 0 0 0 o. 0 0 0 
10 
531 522 497 454 397 - 326 2.46 161 82 22 0 
+9 +9 +8 +8 +7 +5 +2 ~,. 10 19 22 
9 344 3;8 320 291 253 206 155 103 56 19 0 
+29 +28 +27 +25 +21 +15 +5 10 ,;0 56 82 8 206 202 191 173 148 120 89 ;8 31 10 0 
+57 +51 +54 +49 +40 +27 +7 20 57 104 161 
7 loB 106 99 89 15 59 42 26 1':3 4 0 
+90 +89 +84 +76 +61 +39 +8 ;4 87 157 248 6 42 41 ,a 34 Z7 20 12 5 1 0 0 
+124 +122 +116 +104 +84 +53 +8 50 120 212 335 5 2 2 1 1 +1 +3 +7 +10 +7 +2 0 
+159 +157 +149 +13' +108 +67 +7 12 156 264 411 4 
+11 +16 +15 +14 +12 +12 +16 +21 +18 +5 0 
+19; +190 +181 +163 +133 +85 +9 103 201 309 488 ., / 
+17 +17 +15 +1' +11 +10 +14 +30 +46 +14 0 
+226 +222 +211 +192 +160 +1oB +2' 135 293 336 530 ' 2 ; 0 0 0 0 0 0 0 +156 +33- 0 
0 275 506 1 
38 0 0 
0 251 482 0 
l)s:; ~t. 0 
PLATE: R4 "" SL 
POISSON'S RATIO: 0.0 
2 ... 4 Moments are in terms, of qb x 10 
x 
20b 4 5 6 7 8 9 10 0 1 2 :; 
..L. 
20b 
0 0 0 0 0 10 0 0 0 0 0 0 
485 480 457 421 372 311 239 160 84 24 0 
+7 +7 +7 +7 +6 +5 +3 1 8 18 24 
9 298 293 279 255 223 184 140 95 52 18 0 
8 
+24 +24 +23 +22 +20 +15 +8 5 24 52 84 
155 152 144 131 113 92 69 ' 46 25 8 0 
+46 +46 +44 +42 +;6 +27 +13 11 45 95 161 7 48 47 44 39 32 22 18 10 5 1 0 
+71 +70 +68 . +63 +54 +39 +17 18 68 140 ' 240 6 
+30 +30 +29 +28 +26 +22 +18 +13 +8 +3 0 
+95 +94 +90 +83 +10 +50 +20 25 91 184 312 5 
+86 +84 +81 +75 +66 +52. +42 +29 +15 +5 '. 0 
+111 +115 +110 +100 +84 +60 +23 31 110 222 375 4 
+116 +106 +94 +77 +59 +39 +6 +123 +121 +20 0 
+135 +13; +126 +114 +95 +66 +24 37 124 253 426 
:; 
+147 +145 +1;8 +126 +111 +92 +70 +46 +23 +7 0 
+148 +146 +138 +124 +102 +70 +23 42 131 275 461 2 
+149 +78 +54 +30 +9 +159 +157 +137 ' +120 +100 0 
+156 +154 +146 +130 +106 +71 +21 41 135 286 478 
1 
+;135 +132 +126 +112 +95 +76 +55 +36 +20 +6 0 
+159 +157 +148 +132 +108 +71 +20 49 1;6 289 48:; 
0 
+127 +124 +116 +103 +87 +68 +48 +30 +16 +5 '0 
135 
PLATE: R5 ... OU 
POISSON'S RATIO: 0.0 
2 ... 4 
Moments are in terms, of qb x 10 
x 
20b 
0 1 2 :; 4 5 6 1 8 9 10 
..L. 
20b 
0 0 0 0 0 0 0 0 0 0 0 10 
437 431 413 :;81 :;:;8 282 217 141 77 22 0 
+6 +6 +6 +6 +6 +5 +; 1 7 16 22 
9 273 268 255 234 205 169 129 B7 47 16 0 
+21 +21 +21 +20 +18 +14 +7 4 22 48 77 8 147 140 127 61 44 24 150 110 90 7 0 
+41 +41 +40 +38 +:;4 +26 +12 9 42 88 147 
7 6;1 62 58 52 45 ;6 26 17 8 2 0 '., 
+64 +64 +62 +58 +51 +;8 +17 16 65 ;l~ 220 6 6 5 5 4 2 1 0 :; 2 1 0 
+87 +86 +84 +18 +68 +51 +22 22 87 177 294 
5 
+27 +26 +25 +23 +19 +15 +9 +4 0 0 0 
+109 +108 +105 +97 +84 +62 +-zT 'Z7 106 220 369 4 
+38 +37 +;5 +31 +26 +3 :; 4 +19 . +11 0 
+1;0 +129 +124 +115 +98 +72 +32 +29 121 258 453 
'3 
+29 +28 +26 +23 +19 +14 +7 0 7 9 0 
+150 +148 +142 +131 +112 +81 +:;6 31 132 285 554 
2 
0 0 0 0 0 0 0 0 0 0 0 
1 
0 
136 
PLATE: R5.. SO 
POISSON' S RATIO: 0" 0 
2 .... 4 Moments are in terms, of qb x 10 
x 
20b 0 2 , 4 5 6 7 8 9 10 1 
J:...... 20b 
0 0 0 0 0 0 0 0 0 0 0 10 
381 376 360 335 299 253 199 138 :[6 24 0 
+5 +5 +5 +5 +5 +4 +; 0 5 14 24 9 218 209 191 168 l~ 107 7"i J&a _lh 0 ,222 
8 +17 +17 +17 +16 +15 +1; +8 1 16 41 76 
101 
_22 ~ 84 '12 -~ 42 _Zl ~4 4 0 
+3; +33 +32 +31 +28 +22 +12 4 30 72 1;6 7 
13 13 11 8 4 0 +2 +J4- +4 +2 0 
6 +51 +50 +49 +45 +40 +;1 +16 8 46 104 193 
+47 +41 +46 +44 +41 +3'L +31 +2:i5 +~~ _±.5 0 
+67 +67 +64 +59 +51 +J1 +17 15 62 133 2;9 5 
+84 +83 +80 +75 +68 +~ +48 +35 +20 +7 0 
4 
+82 +81 +78 +71 +59 +42 +16 ,22 76 155 271 
+102 +101' +~ +8g +80 +68 +54 +38 --±22 +8 0 
+95 +93 +88 +80 +66 +45 +14 29 89 172 ' 286 
:3 
+103 +101 +~ +88 +17 +65 +50 +35 +~ .±7 0 
+103 +102 +96 +86 +70 +46 +11 36 100 182 287 . 2 
+88 +86 +81 +72 +62 +49 +35 +"3 0 +22 +11 
+109 +107 +101 +89 +72 +46 +9 41 107 188 282 1 
+71 +69 +64 +55 +45 +9 +~ ] 0 +32 +20 
+111 +109 +102 +91 +72 +46 +8 43 109 190 280 0 
+65 +63 +~ +50 +~ +ZL +15 +5 1 '2 0 
137 
PLATE: R5 ... OL 
POISSON-S RATIO: O.Q 
2 -4 Moments are in terms· of qb x 10 
x 
20b 
0 1 2 ; 4 5 6 1 8 9 10 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 574 565 538 494 432 355 266 173 86 22 0 
+9 +9- +9 +9 +8 +6 +2 ; 12 21 22 
9 
,eo 374 ,.355 324 28; 232 175 117 6; 21 0 
+31 +30 +30 +28 +24 +18 +6 11 35 63 85 
8 176 144 110 14 40 0 2'7 2,2 221 201 13 
+60 +60 +58 +54 +46 +3' +11 21 65 119 115 
7 133 131 125 115 101 85 66 1~5 25 8 0 
+94 '+93 +90 +84 . +71 +51 +18 31 99 185 280 6 62 61 60 56 52 46 39 ;0 18 6 0 
+129 +laB +123 +114 +98 +70 +ZT 39 1;2 256 397 
5 17 18 19 20 22 24 25 24 19 9 0 
+164 +162 +156 +144 +124 +91 +;8 42 161 321 ;33 
4 6 25 16 +7 +5 +3 0 12 19 25 0 
+197 +195 +187 +113 +149 +110 +50 41 180 392 701 
3 +12 +11 +9 +6 +1 6 1; 2l 'Z7 24 0 
+229 +226 +217 +200 +17; +129 +62 38 190 436 911 
2 
0 0 0 0 0 0 0 0 0 0 0 
1 
-
\ 
0 
138 
PLATE: R5.. SL 
POISSON'S RATIO: 0.0 
2 .... 4 Moments are in terms·of qb x 10 
x 
20b 4 0 1 2 ; 5 6 7 8 9 10 
..:L 
20b 
0 0 0 0 0 ,0 0 0 0 0 0 
10 486 479 457 421 238 160 84 24 372 310 0 
+7 +7 +7 +7 +6 +5 +; 1 8 18 24 
9 298 294 'm 2" 223 184 140 . 95' 52 18 0 
+24 +24- +2' +22 +20 +15 +7 '/ 5 24, 52 84 8 153 1"- 68 45 24 8 155 1;1 11, 91 0 
+47 .46' +45 +42 +~ +21 +12 11 116 94- 160 
7 ItS 47 44 39 32 24 17 ' 10 4 1 ,0 
+72 +71 +68 +6, +53 +39 +16 19 69 :)?J 2;58 6 
+26 +26 
' I 
+30 +30 +29 +23 +19 +14 +9 +, 0 
+97 +95 +91 +8; +70 +50 +18 Z7 91 182 309 
5 
+85 +84 +81 +75 +67 +56 +44 +;1 +17 +6 0 
+119 +117 +111 +101 +84 +58 +20 
'3' 112 219 369 4 
+116 +94- +79 +61 +42 +23 +7 +123 +122 +107 0 
+137 +13' +128 +1l5 +95 +64 +20 42 129 249 414 
:; 
+US ~f +Ue' +l2'l ~ +93 +71 +lt9 +~ +9, 0 
+151 +149 +141 +126 +10:; +68 +19 50 14:; 268 441, 
2 
+161 +158 +150 +137 +120 +100 +78 +55 +;; +14 0 
+160 +157 +148 +1,2 +107 +70 +17 56 154 283 1141 
1 
+1;5 +132 +124 +111 +9' +72 +50 +29 +11 +1 0 
+16:; +160 +151 +1" +109 +71' +17 58 158 2137 439 
0 
+127 +124 +U; +102 +84 +6:; +41 +21 +5 0 +2 
139 
PLATE: Ml - OU 
POISSON'S RATIO: 0.0 
2 -4 Moments are in terms. of qb x 10 
x 
20b 4 6 8 0 1 2 :; 5 7 9 10 
...L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 
466 474 444 408 358 ;00 2Z7 152 80 23 0 
+7 +7 +7 +7 +6 +5 +2 1 8 - 17 23 
9 
292 287 212 248 216 117 134 90 49 17 0 
+25 +24 +23 +22 +18 +13 +5 5 24· 49 80 8 
155 152 143 129 111 89 65 43 23 7 0 
+48 +47 +45 +41 +34 +23 +8 13 45 89 152 
7 54 53 49 44 36 26 11 9 4 1 0 
6 +73 
+72 +69 +6:; +51 +33 +9 23 68 132 224 
+18 +18 +17 +16 +16 +16 +16 +13 +8 +3 0 
+98 +97 +94 +86 +69 +42 +8 :;4 91 173 290 5 
+69 +67 +61 +53 +41 +42 +"27 +28 +16 +6 0 
+118 +118 +11; +109 +89 +51 +3 48 114 209 :;45 4 
+90 +73 +58 +38 +10, +101 +51 +47 +22 +7 0 
+131 +131 +131 +136 +114 +63 7 70 135 2;7 386 
:; 
+131 +126 +110 +77 +47 +40 +44- +53 +29 +9 0 
+135 +132 +131 +165 +167 +85 1; 124 152 254 409 . 
2 
+149 +74- +;8 +153 +133 0 0 0 +110 +10 0 
+130 +121 +88 0 0 125 253 412 
1 
+179 +216 :; +8 +171 +172 +3 0 
+127 +116 +TI 0 0 ll4 250 410 
0 
+178 +182 +198 +2:52 43 12 3 0 
140 
PLATE: M1 ... SU 
POISSON'S RATIO: 0.0 
2 ... 4 Moments are in terms, of qb x 10 
x 
25b 4 6 8 0 1 2 3 5 7 9 10 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 460 453 4.32 398 351 292 225 152 81 2; 0 
+7 +7 +7 +6 +6 +5 +3 1 7 16 24-
9 
279 275 261 238 208 171 130 87 48 17 0 
+23 +23 +22 +20 +18 +13 +7 4 22 48 81 
8 14, 140 132 119 102 82 60 40 21 7 0 
+45 +45 +42 +39 +33 +24 +10 10 41 87 151 
7 42 41 37 32 25 18 11 6 2 Q 0 
+70 +69 +65 +58 +48 +33 +12 18 63 128 221 6 
+30 +30 +30 +30 +:;0 +Z7 +23 +17 +11 +4 0 
+95 +93 +87 +76 +61 +41 +1' 26 84 166 284 
5 
+79 +79 +76 +72 +66 +57 +45 +32 +18 +6 0 
+118 +115 +107 +93 +72 +46 +12 35 102 199 334 4 
+111 +109 +105 +98 +88 +74 +58 +39 +21 +7'- , 0 
+139 +135 +124 +105 +79 +48 +8 4; 118 224 371 
:; 
+129 +127 +121 +111 +98 +81 +62 +41 +21 +7 0 
+155 +151 +138 +115 +8; +48 +4 50 129 242 394 
2 
+134 +126 +96 +137 +113 +76 +56 +37 +19 +6 0 
+166 +162 +147 +120 +85 +46 +1 55 135 251 406 
1 
+136 +109 +89 +139 +125 +68 +48 +30 +15 +4 0 
. 
+170 +165 +150 +122 +85 +46 0 57 137 254 409 0, 
+140 +136 +125 +107 +87 +65 +45 +27 +13 +3 0 
141 
PLATE: M1 GO OL 
POISSON'S RATIO: 0.0 
2 -4 Moments are in terms, of qb x 10 
x 
20b 
4 6 8 '10 0 1 2 -; 5 7 9 
.L.. 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 52; 515 490 450 394 ,26 247 164 84 2; 0 
+8 +8 +8 +8 +7 +5 +2 2 9 19 2; 
9 ;29 324 301 280 244 200 151 101 55 19 0 
+~ +27 +Z7 +25 +21 +15 +6 8 28 55 84 8 182 179 170 154 133 107 80 53 28 0 9 
+53 +53 +51 +47 +39 +~ +9 17 52 101 164 
7 13 12 68 62 SJ 4l 29 1e 9 2 0 
+81 +81 +78 +73 +60 +39 +11 27 80 151 247 6 
+1 +7 +5 +3 +5 +6 +5 +4 +1 0 +; 
+101 +107 +106 +100 +82 +52 +11 l.o 101 201 327 
5 
+67 +64 +57 +46 +;8 +3; +29- +22 +13 +4 0 
+128 +129 +130 +129 +108 +65 +8 54 135 2~ 399 4 
+113 +108 +94 +54 +l46 +43 +6 +72 +35 +20 0 
+1110 +141 +147 +162 +144 +84 0 74 161 284 457 
3 
+151 +145 +125 +84 +47 +39 +44 +57 +32 +10 0 
+140 +139 +144 +198 +209 +115 2 1'5 184 310 496 2 
+185 +181 +16, +96 0 0 0 +141 +50 +14 0 
+1,1 +123 +92 0 0 156 .31; 507 
1 
+212- +213 +224 +272 +12 +11 +6 0 
0 +l26 +ll6 <~+78 0 o. 14} :5ll 506 
+222 +226 +245 +292 36 6 1 0 
142 
PLATE: Ml... SL 
POISSON'.S RATIO: 0.0 
2 -4 Moments are in terms· of qb x 10 
x 
20b 0 1 2 .; 4 5 6 7 8 9 10 
-Irb 
0 0 0 ·0 
° 
0 0 0 0 0 0 
10 
507 499 476 428 385 320 244 163 85 24 0 
..a +8 +8 +7 +6 +$ +3 1 8 18 24 
9 314 309 293 268 2;3 192 1~ 98 54 18 0 
+26 +26 +25 +24 +19 +16 +7 6 26· 54 85 
8 168 16; 155 141 98 73 49 26 9 0 123 
+50 +;0 +48 +44- +37 +27 +11 13 49 98 16; 
1 ;8 57 53 47 38 30 21 13 6 1 0 
+T7 +76 +7; +66 +56 +'59 +14 22 74 146 244 6 
+22 +22 +22 +22 +20 +19 +16 +12 +7 +3 0 
+104 +103 +98 +88 +7; +50 +17 31 98 192 :;20 
5 +80 +79 +76 +10 +6; +53 +41 +28 +16 +5 0 
+129 +127 +121- +108 +88 +58 +18 39 121 23; ;84 4-
+119 +113 +104 +92 +77 +59 +;9 +21 +1 0 +121 
+150 +148 +139 +126 +99 +64 +18 46 1;9 266 4;6 
:; 
+148 +145 +1,a +126 +ll2 +9; +70 +46 +24 +8 0 
+166 +16; +155 +140 +106 +66 +16 50 153 290 412 2 
+164 +161 +154 +142 +125 +10; +78 +51 +26 +8 0 
+177 +174 +165 +149 +108 +65 +12 52 160 ;04 492 1 
+172 +168 +158 +1]..40 +117 +92 +67 +44 +23 . +7 0 
+181 +178 +169 +152 +109 +64 +11 5; 162 309 499 0 
+174 +158 +129 +115 +89 +64 +42 +6 +170 +22 Q 
PLATE: M2 .... OU 
POISSON'S RATIO: 0.0 
, 2 ... 4 
Moments are in te:rms ,of qb x 10 
x 
20b 
0 1 2 :; 
...L 
20b 
0 0 0 0 
10 ~ 461 438 401 
+8 +8 +7 +7 
9 
293 288 273 2~ 
+25 +25- +24 +22 8 164 161 152 137 
+49 +49 +48 +414-
7 71 69 67 61 
+74 +74 +74 +71 6 
5 7 II 16 
+95 +97 +101 +108 
5 
+43 +;8 +21 4 
+106 +108 +119 +175 
4 
+85 +76 .+44 49 
+100 +96 +16 0 
:; 
+132 +128 +119 +127 
, +86 +78 +51 0 
2 
+180 +181 +188 +209 
+75 +66 +39 0 1 
+214 +217 +22.9 +248 
+71 +62 +37 0 
0 
+225 +229 +242 +260 
4 
0 
349 
+6 
214 
+18 
116 
+35 
49 
+57 
11 
+88 
+1 
+129 
0 
14:; 
5 6 7 8 9 10 
0 0 0 0 0 0 
288 219 146 78 23 0 
+4 +1 2 7 16 2~ 
174 129 86 47 16 0 
+11 +2 7 2; 47 78 
91 64 41 21 7 0 
+19 0 17 4; , 84 147 
33 16 6 1 0 0 
+;6 8 ;3 67 124 216 
+; +17' +23 +15 +5 0 
+:;4 25 61 94 159 214 
+16 +36 +60 +36 +12 0 
+48 ;8 1:;8 120 182 ;08 
0 0 +164 +64 +18 0 
0 91 178 ;06 
+48 +34 +12 0 
" 70 163 'Y7f"l v '17 
22 5 1 0 
0 62 151 255 
43 22 3 0 
0 60 141 245 
48 'Z7 '9 0 
144 
PLATE: M2 GO SU 
POISSON'S RATIO: 0 .. 0 
2 -4 Moments are in terms, of qb x 10 
x 
2ffi) 
4- 6 8 0 1 2 :; 5 7 9 10 
..L 
20b 
0 0 0 0 0 0 0 0 0 0 0 
10 411 404 ;85 354 311 .260 201 1;8 75 23 0 
+7 +6 +6 +5 +5 +4 +2 0 6 14 23 
9 244 240 zn 206 179 147 ill 75 41 14 0 
+22 +21 +20 +17 +14 +11 +6 ; 18 41 75 
8 119 117 109 97 81 64 46 30 15 5 0 
+42 +41 +38 +33 +26 +18 +7 8 ;4 74 135 
1 29 28 24 18 12 6 1 +1 +2 +1 0 
+66 +64 +58 +49 +37 +24 +7 16 52 108 193 
6 
+33 +33 +34 +35 +35 +33 +28 +21 +13 +5 0 
+90 +87 +78 +64 +46 +27 +; 24 69 1;8 242 
5 
+73 +7; +71 +68 +63 +55 +44- +31 +17 +6 0 
+112 +108 +97 +78 +52 +g"f § .~ .• 84 163 279 
4 
+96 +95 +90 +83 +72 +60 +46 +;2 +17 +6 0 
+132 +127 +113 +87 +56 +26 5 41 96 182 305 , 
+108 +106 +99 +87 +73 +57 +42 +27 +14- +4 0 
+146 +141 +125 +95 +59 +26 9 48 105 195 322 2 
+1l3 +110 +102 +89 +73 +57 +40 +25 +13 +4 0 
+155 +150 +132 +99 +61 +25 12 52 111 203 332 1 
+115 +112 +104 +90 +74 +57 +40 +24 +12 +3 0, 
+158 +152 +134 +101 +61 +25 12 5; 113 206 3'5 0 
+116 +104 +91 +74 +57 +40 +24 +113 +12 +3 0 
PLATE: M2 .. OL 
POISSON'S RATIO: 0.0 
2 .... 4 Moments are in terms·of qb x 10 
x 
20b 0 1 ' 2 :; 
ire 
0 0 10 0 0 
;82 574 547 504 
+9 +9 +9 +9 9 
2§Q- 374 355 325 
8 +;0 +30 +31 +30 
226 222 212 194 
+58 +58 +60 +59 7 
113 112 llO 104 
6 
+86 +88 +94 +98 
25 29 37 45 
+109 +11; +121 +151 5 
+44 +36 +13 23 
4 +116 +122 +147 +244 
+~Q2 +98 +57 67 
+103 +100 +85 0 
:5 
+180 +175 +165 +181 
+80 +73 +48 0 
2 
+251 +263 +295 +25Q 
+62 +55 +;2 0 
1 +~ +303 +321 +350 
+56 +49 +27 0 
0 ~214 +;40 +:;68 +320 
4 
0 
438 
+8 
282 
+25 
168 
+50 
89 
+84 
39 
+131 
17 
+191 
0 
5 6 7 
0 0 0 
360 270 178 
+5 +2 3 
230. 172 115 
+16 +4 11 
135 99 65 
+29 +3 24 
66 42 24 
+44 :; 42 
1~ +2 +14 
+60 20 75 
+5_ ' +'S4 +6q 
+84 29 170 
0 0 +225 
0 
+77 
0 
18 
0 
4g' 
0 
55 
M 
Y 
8 
0 
ql 
11 
6~ 
33 
35 
61 
12 
94 
+11 
132 
+4~ 
172 
+QO 
137 
+C:;~ 
113 
1 
104 
2'5 
102 
31 
145 
9 
, . 
0 
24 
21 
22 
62 
12 
114 
1+ 
171 
+4 
222 
+14 
261 
+26 
263 
+18 
246 
+1 
2;4 
Q 
230 
11 
10 
0 
0 
24 
0 
92 
0 
183 
..0. 
280 
0 
:;68 
0 
430 
0 
437 
0 
410 -. 
0 
:;82 
0 
371 
0 
PLATE: MP... SL 
POISSON 0 S RATIO: 0., 0 
2 ... 4 Moments are in terms·of qb x 10 . 
x 
25b 
0 1 2 :; 
h 
10 " 
0 0 0 
505 4Q8 475 437 
+7 +1 +1 +7 
9 312 307 292 267 
+26 +25 +2~ +2; 8 165 162 138 15' 
+49 +49 +47 +44 
7 55 53 49 4:; 
+16 +76 +13 +67 6 
+26 +26 +26 +26 
+10; +102 +98 +89 5 
+84 +84 +81 +76 
. +128 +126 +120 +111 
4 
+llB +11' +123 +121 
+151 +149 +142 +1;0 , 
+1~ +144- +136 +124 
+169 +166 +158, +141 
2 
+158 +155 +14; +129 
+180 +1TT +167 +149 
1 
+164 +160 +149 +132 
+184 +181 +171 +151 
0 
+166 +162 +150 +1,2 
4 
0 
385 
+6 
232 
+20 
119 
+37 
35 
+55 
+26 
+70 
+71 
+82 
+104 
+B8 
+105 
+94 
+108 
+96 
+109 
+97 
+110 
146 
5 6 7 8 9 10 
0 0 0 0 0 0 
320 24'3 164 86 24 ·0 
+5 +3 1 8 18 24 
191 146 98 54 18 0 
+15 +7 6 26 54 86 
·96 12 48 26 8 0 
+26 +11 12 48 98 165 
26 18 11 5 1 0 
p 
+37 +14 20 12 145 246 
+25 +20 . +15 +9 +:2 0 
+46 +15 Z7 95 189 320 
+62 +49 +3' +18 +6 0, 
+50 +13 ,:; 116 228 381 
+§9 +70 +~ +25 +8 0 
+50 +8 ;9. 1" 258 426 
+85 +64 +"- +24 +7 0 
+49 +4 45 145 ZT9 456 
+85 +62 +140 +21 +6 0 
+49 +2 49 153 292 47; 
+85 +61 +39 +20 +6 0 
+49 +1 51 155 296 419 
+86 +61 +39 +2Cl +6 0 
PLATE: M3 - au 141 
n 
POISSON'S RATIO: 0.0 
'2 -4 Moments are in terms of qb x 10 
~ 0 1 2 3 4 5 6 7 8 9 10 ~b 
0 0 0 0 0 0 0 0 0 0 0 
15 507 501 484 456 418 374 328 291 245 206 166 
+6 +5 +5 +5 +3 +1 :2 1 i 1 +1 
14 376 373 ;62 343 318 285 250 214 180 146 116 
-
+18 +18 +18 +17 +13 +5 3 2 5 4 +1 
13 272 270 264 254 238 216 186 152 120 92 73 
+35 +34 +35 +;; +30 +18 2 5 14 1; 2 
12 187 186 185 183 179 171 150 95 62 44 33 
+53 +53 +53 +53 +50 +45 +32 28 38 29 8 11 114 115 117 123 134 157 207 0 0 0 0 
+70 +70 +68 +66 +59 +43 0 
10 51 .52 55 61 73 89 III 
+84 +8; +81 +14 +61 +37 0 
9 +7 +6 +4 +2 0 +1 +13 
+97 +96 +92 +83 +67 +42 0 
8 +57 +57 +57 +59 +64 +75 +98 
+111 +109 +104 +95 +81 +58 0 
7 +99 +100 +102 +106 +114 +132 +168 
+125 +123 +120 +112 +103 +102 +157 
6 +1;2 +132 +134 +137 +144 +156 +157 
+140 +140 +1;6 +132 +129 +135 
5 +154 +154 +153 +152 +147 +135 11 12 13 14 15 
+154 +154 +147 +152 +150 0 0 0 0 0 4 15 
+167 +161 +164 +158 +147 129 84 42 11 0 
+167 +167 +165 +162 14 +2 1 5 10 
3 +177 +115 +171 +162 87 57 31 10 
+177 +177 +174 13 +5 4 17 2 +182 +180 +174 54 34 17 
+183 +182 12 +11 12 1 +184 +182 24 12 
+185 11 +21 0 +185 +21 
PLATE: M3.. OL 148 
POISSON'S RATIO: 0.0 
n 2 -4 Moments are in terms of qb x 10 
~ 0 1 2 3 4 5 6 7 8 9 10 30b 
0 0 0 0 0 
I 
0 0 0 0 0 0 
15 548 543 528 503 468 426 382 340 296 242 208 
+5 +5 +5 +5 +3 +1 1 0 0 +1 +2 
14 410 407 397 .1 379· 355 323 290 242 215 179 144 
+17 +17 +17 +16 +13 +7 0 +2 1 0 +5 
13 297 296 290 279 265 243 212 178 143 114 90 
+34 '+33 +33 +33 +;0 +21 +5 +3 8 7 +5 
12 203 203 201 199 196 188 167 110 74 54 41 
+50 +50 +50 +51 +50 ! +49 +47 17 30 21 +3 
11 102 112 125 130 141 164 220 0 0 0 0 
+65 +65 +64 +63 +57 +44 0 
10 51 52 55 60 70 85 103 
+80 +79 +76 +71 +59 +37 0 
9 +12 +12 +11 +10 +11 +16 +33 
+93 +92 +88 +80 +66 +42 0 
8 +68 +68 +70 +73 +81 +91 +126 
+107 +106 +101 +93 +81 +60 0 
7 +113 +114 +116 +123 +135 +157 +213 
+112 +122 +118 +112 +106 +110 +182 
6 
+146 +147 +150 +155 +164 +179 +182 
+141 +140 +138 +135 +136 +148 
5 +168 +168 +168 +166 +163 +148 11 12 13 14 15 
+157 +157 +156 +156 +157 u 0 u u 0 
4 +181 +180 +151 
15 
160 104 +177 +170 51 11 0 
+172 +173 +172 +171 14 +3 1 7 14 
3 +188 +186 +181 +171 109 73 39 14 
+184 +184 +183 13 +8 5 22 2 
+192 +190 +183 68 43 22 
+191 +191 L~ +17 14 
1 
+193 +191 30 14 
+194 
1 1 +31 0 -L~ 
+194 +31 
